esp@cenet — Bibliographic data 



Page 1 of 1 



Photosensitive composition and pattern forming method using the 



r: EP1517179(A1) 
2005-03-23 

KODAMA KUNIHIKO [JP]; WADA KENJI [JP]; SATOH 

KENICHIRO[JP] 

FUJI PHOTO FILM CO LTD [JP] 

G03F7/004; G03F7/038; G03F7/039; G03F7/075; 
G03F7/004; G03F7/038; G03F7/039; G03F7/075; (IPC1- 
7): G03F7/004; G03F7/038; G03F7/039 
G03F7/004D; G03F7/004F; G03F7/038C; G03F7/039C; 
G03F7/039C1 ; G03F7/039C1S; G03F7/075M2 
r: EP20040021460 20040909 



t3 US71 89492 (B2) 
O KR20050026900 (A) 

Cited documents: 

□ WO20041 07051 (A2) 

□ WO02082185(A1) 

□ US2002001770(A1) 
[1 EP1199603(A1) 
[1 JP9309874 (A) 



Priority number(s) 



Abstract of EP 1517179 (A1) 

A photosensitive composition containing a compound capable of generating a specific acid having the 
plural number of sulfonic groups by irradiation with an actinic ray or a radiation and a pattern forming 
method using the same. 



Data supplied from the esp@.cenet database — Worldwide 



)://v3.espacenet.com/publicationDetails/biblio?adjacent=taie&KC=Al&date=20050323... 6/2/2009 



mi mi ii huh mini 

(ID EP 1517 179 A1 

(1 2) EUROPEAN PATENT APPLICATION 

(43) Date of publication: (51) mt C\7: G03F 7/004, G03F 7/039, 

23.03.2005 Bulletin 2005/12 G03F 7/038 

(21) Application number: 04021460.3 



(22) Date of filing: 09.09.2004 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


• Kodama, Kunihiko c/o Fuji Photo Film Co., Ltd. 


HU IE IT LI LU MC NL PL PT RO SE SI SK TR 


Haibara-gun, Shizuoka (JP) 


Designated Extension States: 


* Wada, Kenji c/o Fuji Photo Film Co., Ltd. 


ALHRLTLVMK 


Haibara-gun, Shizuoka (JP) 




• Satoh, Kenichiro c/o Fuji Photo Film Co., Ltd. 


(30) Priority: 10.09.2003 JP 2003318276 


Haibara-gun, Shizuoka (JP) 


19.09.2003 JP 2003327608 




25.09.2003 JP 2003333503 


(74) Representative: HOFFMANN - EITLE 




Patent- und Rechtsanwalte 


(71) Applicant: Fuji Photo Film Co., Ltd. 


Arabellastrasse 4 


Kanagawa (JP) 


81925 Miinchen (DE) 



(54) Photosensitive composition and pattern forming method using the same 



(57) A photosensitive composition containing a compound capable of generating a specific acid having the plural 
number of sulfonic groups by irradiation with an actinic ray or a radiation and a pattern forming method using the same, 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



LO 



Q. 

LU 



Printed by Jouve ; 75001 PARIS (FR) 



EP 1 517 179 A1 



Description 

Background of the Invention 

5 1 . Field of the Invention 

[0001] The present invention relates to a photosensitive composition which causes reaction by irradiation with an 
actinic ray or a radiation, whereby its property changes. In more detail, the invention relates to a resist composition to 
be used in the manufacturing step of semiconductors such as IC, the manufacture of circuit boards such as liquid 
10 crystals and thermal heads, and other fabrication steps. 

2. Description of the Related Art 

[0002] A chemically amplified resist composition is a pattern forming material of forming an acid in an exposed area 
is by irradiation with the radiation such as far ultraviolet light and changing the solubility in a developer between the actinic 
ray-irradiated area and the non-irradiated area due to a reaction using the formed acid as a catalyst, to form a pattern 
on a substrate. 

[0003] In the case where a KrF excimer laser is an exposure light source, since a resin comprising as a basic skeleton 
poly (hydroxystyrene) exhibiting low absorption mainly in a region of 248 nm is used as the major component, this 
20 chemically amplified system is able to form a good pattern at high sensitivity and high resolution and is a good system 
as compared with a conventional naphthoquinonediazide/novolak resin system. 

[0004] On the other hand, in the case where a light source having a shorter wavelength, for example, an ArF excimer 
laser (1 93 nm), is used as an exposure light source, since an aromatic group-containing compound exhibits high ab- 
sorption substantially in a region of 1 93 nm, even the foregoing chemically amplified system was not satisfactory yet. 
25 [0005] For this reason, a resist for ArF excimer laser containing a resin having an alicyclic hydrocarbon structure 
has been developed. 

[0006] With respect to an acid generating agent which is the major constitutional component of a chemically amplified 
resist, a variety of compounds have been found. JP-A-9-309874 describes a positive photosensitive composition con- 
taining a divalent arylsulfonic acid sulfonium salt or iodonium salt. 

30 [0007] However, performances such as an exposure margin in which the performance changes due to a fine change 
of the exposure amount and density dependency in which the performance changes due to the pattern density such 
as a dense pattern and an isolated pattern are not satisfactory yet, and therefore, improvements have been demanded. 
[0008] Also, in a resin having an alicyclic hydrocarbon structure, the system becomes extremely hydrophobic as an 
evil influence of the alicyclic hydrocarbon structure. Therefore, development with a tetramethylammonium hydroxide 

35 (hereinafter referred to as "TMAH") aqueous solution that has hitherto been widely used as a resist developer becomes 
difficult. Also, there is observed a phenomenon in which a resist peels away from a substrate during the development. 
[0009] For example, JP-A-9-73173 and JP-A-1 0-1 61 31 3 describe resist materials using an acid sensitive compound 
containing an alkali-soluble group protected by an alicyclic group-containing structure and a structural unit such that 
the alkali-soluble group is eliminated by an acid, thereby making the compound alkali-soluble. These materials are of 

40 an excellent design from which a hydrophilic/hydrophobic contrast is obtained because the structure containing a hy- 
drophobic alicyclic group is eliminated. However, these materials were not satisfactory yet with respect to the devel- 
opability with a TMAH aqueous solution and peeling of a resist from a substrate during the development. For this 
reason, there have been various investigations with respect to the introduction of a hydrophilic group into a resin having 
an alicyclic hydrocarbon site introduced thereinto. 

45 [0010] Japanese Patent No. 2,776,273 and JP-A-1 1 -1 09632 describe the use of a resin containing a polar group- 
containing alicyclic functional group and an acid decomposable group in a radiation sensitive material. 
[0011] Also, JP-A-9-90637, JP-A-1 0-207069, JP-A-1 0-274852, JP-A-2001 -1 88351 , and Japanese Patent No. 
3,042,618 describe photoresist compositions containing a polymer obtained by copolymerizing a (meth)acrylate de- 
rivative having a lactone structure with other polymerizable compound. 

so [0012] Also, JP-A-2001 -1091 54, JP-A-2000-137327, JP-A-2002-296783, and JP-A-2001 -21 5704 describe positive 
working photoresist compositions containing a copolymer resin of the foregoing lactone monomer and a monomer 
having a hydroxyadamantane structure as a polar group-containing alicyclic functional group. 
[0013] As described previously, though there have been investigated a variety of measures for improving the hydro- 
phobicity of the resin, the foregoing techniques involve a lot of unsatisfactory points, and improvements are desired. 

55 In particular, in forming a fine pattern with a line width of not more than 100 nm, it is required that a resist composition 
does not depend upon the coverage of a mask (rate of an exposed area to an unexposed area) orthe pitch of a pattern, 
i.e., the presence of pattern density, and is hardly influenced by a change of the pattern forming condition (exposure 
amount and focus) (that is. the process window is wide). However, in the foregoing compositions, there was still room 
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for improvements regarding the process window. 

[0014] Also, in the resist for ArF excimer laser containing a resin having an alicyclic hydrocarbon structure, there 
was encountered such a problem that in forming a fine pattern with a line width of not more than 1 00 nm, the resist 
pattern collapses so that the subsequent processing of a substrate by dry etching cannot be achieved. This problem 
5 becomes remarkable as the processed line width becomes fine. Thus, a resist capable of forming a fine pattern without 
causing collapse is demanded. 

[0015] Also, under the circumstance where it is necessary to form a fine pattern with a line width of not more than 
100 nm, in particular, in forming an isolated pattern, it becomes difficult to ensure the focus latitude, i.e., the depth of 
focus (DOF). Thus, a resist composition having a wider DOF performance is demanded. 

10 [0016] In forming a resist pattern from a resist composition, the composition is in general used upon dissolution in 
a proper solvent. In this regard, the precision, resolution, etc. of the resulting resist pattern are also largely influenced 
by the kind or combination of the solvent to be used in forming a resist pattern. Moreover, when the composition in the 
solution state is coated (especially, rotary coated) on a substrate, there was a problem that the surface of the coated 
resist film is not always satisfactorily uniform so that the uniformity in film thickness is not satisfactory. 

is [0017] Hitherto, for the solution of a chemical amplification type radiation sensitive composition, various solvents 
such as ethers, glycol ethers, glycol ether acetates, cellosolve esters, aromatic hydrocarbons, ketones, and esters 
have been used, and their kinds include many different materials. Also, the characteristics of the resist pattern are 
closely related to the composition to be used. 

[0018] For example, JP-A-1 0-2541 39 describes a radiation sensitive resin composition comprising (A) an alkali- 
20 insoluble or sparingly alkali-soluble acid-cleavable group-containing resin having an alicyclic skeleton in the principal 
chain and/orthe side chain, the resin becoming alkali-soluble upon cleavage of the acid-cleavable group, (B) a radiation 
sensitive acid generating agent capable of generating an acid by irradiation with the radiation, and (C) a solvent com- 
prising a mixture of a cyclic ketone or at least one kind selected from the group consisting of propylene glycol monoalkyl 
ether acetates and alkyl 2-hydroxypropionates and a linear ketone, the radiation sensitive resin composition being 
25 excellent with respect to transparency against the radiation, dry etching resistance, uniformity in film thickness, adhe- 
sion to a substrate, sensitivity, resolution, developability, and the like. 

[0019] Also, JP-A-2000-241964 describes that a photoresist composition containing a ketone based solvent such 
as cyclohexanone, isobutyl methyl ketone, 2-heptanone, 3-heptanone, 4-heptanone, cyclopentanone, 2-methylcy- 
clopentanone, 3-methylcyclopentanone, 2-methylcyclohexanone, 3-methylcyclohexanone, and 2,4-dimethylpen- 
30 tanone exhibits shear thinning property and that even in an atmosphere where an amine in a high concentration is 
present, an excellent photoresist fine pattern can be obtained without adding another step for the removal of the amine, 
whereby a reduction of the costs can be achieved. 

[0020] However, the application range of the contents disclosed in these documents is not always wide, and it is the 
actual situation that it is quite difficult to find out an adequate solvent or combinations thereof corresponding to the 
35 composition containing a resin, a photo acid generating agent, additives, and the like from the viewpoint of the overall 
performance as a resist. Further, in forming a fine pattern with a line width of not more than 1 00 nm, improvements in 
the defocus latitude performances regarding the prevention from pattern collapse and isolated line pattern of the resist 
were still demanded. 

40 Summary of the Invention 

[0021] Accordingly, an object of the invention is to provide an excellent photosensitive composition having a wide 
exposure margin and little density dependency. 

[0022] Further, another object of the invention is to provide a positive working resist composition that is low in the 
45 generation of pattern collapse in the formation of a fine pattern of not more than 110 nm and wide in the defocus latitude 
(DOF) in the formation of an isolated line pattern, or a positive working resist composition capable of ensuring a wide 
process window in the formation of isolated line and dense patterns, and a pattern forming method using the same. 
[0023] The invention has the following constructions, and the foregoing objects of the invention are achieved by 
these constructions. 



(1) A photosensitive composition comprising (A) a compound that generates a sulfonic acid by irradiation with one 
of an actinic ray and a radiation, wherein the sulfonic acid is represented by general formula (I): 



50 



55 





3 



EP 1 517 179 A1 



in which A 1 represents a connecting group having a valence of n; 

each of A 2 's represents a single bond or a divalent aliphatic group, and A 2 's are the same or different, with 
proviso that at least one of a group represented by and groups represented by A 2 's has a fluorine atom; and 
n represents an integer of from 2 to 4. 

(2) A positive photosensitive composition which is a photosensitive composition according to (1 ), further comprising 
(B) a resin that increases an solubility of the resin (B) in an alkaline developer by an action of an acid. 

(3) The positive photosensitive composition as described in (2) above, 

wherein the resin (B) has a fluorine atom. 

(4) The positive photosensitive composition as described in (3) above, 

wherein the resin (B) has a hexafluoroisopropanol structure. 

(5) The positive photosensitive composition as described in (2) above, 

wherein the resin (B) has a hydroxystyrene structural unit. 

(6) The positive photosensitive composition as described in (2) above, 

wherein the resin (B) is (Ba) a resin having a monocyclic or polycyclic alicyclic hydrocarbon structure. 

(7) The positive photosensitive composition as described in (6) above, 

wherein the resin (B) further has a repeating unit having a lactone structure. 

(8) The positive photosensitive composition as described in (6) above, which further comprises: 

(Ha) a solvent comprising at least one cyclic ketone. 

(9) The positive photosensitive composition as described in (2) above, 

wherein the resin (B) has at least one repeating unit selected from a repeating unit represented by general 
formula (1), a repeating unit represented by general formula (2), and a repeating unit represented by general 
formula (3), wherein the resin (Baa) increases a solubility of the resin (Baa) in an alkaline developer by an action 
of an acid: 




A 




0=C 



O-ALG 



in which R represents a hydrogen atom or a methyl group 
A represents a single bond or a connecting group; and 

ALG represents a group represented by any one of general formulae (pi) to (pV): 




(Pi) 
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-c- 
I 

R-I4 



^13 



(PH) 



0 

I 

-CH-R 16 



(pill) 




&22 ^23 O 
I I II 

-C— CH— C— R 24 (pV) 
R25 

in which represents a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl 
group, an isobutyl group, or a sec-butyl group; 

Z represents an atomic group necessary for forming an alicyclic hydrocarbon group together with a carbon 

atom; 

R 12 to R 1S each independently represents a linear or branched alkyl group having from 1 to 4 carbon atoms 
or an alicyclic hydrocarbon group, with proviso that at least one of R 12 to R 14 and any one of R 15 and R 16 represents 
an alicyclic hydrocarbon group; 

R 17 to R 2 i each independently represents a hydrogen atom, a linear or branched alkyl group having from 1 
to 4 carbon atoms or an alicyclic hydrocarbon group, with proviso that at least one of R 17 to R 2 i represents an 
alicyclic hydrocarbon group and any one of R 19 and R 21 represents a linear or branched alkyl group having from 
1 to 4 carbon atoms or an alicyclic hydrocarbon group; and 

R 22 to R 25 each independently represents a hydrogen atom, a linear or branched alkyl group having from 1 
to 4 carbon atoms or an alicyclic hydrocarbon group, with proviso that at least one of R 22 to R 25 represents an 
alicyclic hydrocarbon group and R 23 and R 24 may be taken together to form a ring, 
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-fCH 2 -C-)- (2) 
COO-Wi-Lc 



in which R 1a represents a hydrogen atom or a methyl group; 

represents a single bond, or a single group or a combination of two or more groups selected from the 
group consisting of an alkylene group, an ether group, a thioether group, a carbonyl group, and an ester group; and 
Lc represents a lactone residue represented by any one of general formulae (IV), (V-1) to (V-6) and (VI): 



0 ^ 0 A ReJ n 



(IV) 



in which R a1 , R b1 , R e1 , R d1 , and R e1 each independently represents a hydrogen atom or an alkyl group having 
from 1 to 4 carbon atoms; and 

m and n each independently represents an integer of from 0 to 3, and (m + n) is from 2 to 6, 





in which R 1b to R 5b each independently represents a hydrogen atom, an alkyl group, a cycloalkyl group, an 
alkenyl group, or COOR 6b , wherein R 6b represents an alkyl group, and two of R 1b to R 5b may be taken together 
to form a ring, and 

50 
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-(cHj-C-)- 

9=o (3) 




in which R 30 represents a hydrogen atom or a methyl group; and 

R 31 to R 33 each independently represents a hydrogen atom, a hydroxyl group or an alkyl group, with proviso 
that at least one of R 31 to R 33 represents a hydroxyl group. 

(10) The positive photosensitive composition as described in (9) above, 

wherein the resin (B) has a repeating unit represented by the general formula (1) and at least one repeating 
unit selected from a repeating unit represented by the general formula (2) and a repeating unit represented by the 
general formula (3). 

(11) The positive photosensitive composition as described in (9) above, 

wherein the resin (B) has a repeating unit represented by the general formula (1 ), a repeating unit represented 
by the general formula (2), and a repeating unit represented by the general formula (3). 

(12) The positive photosensitive composition as described in any one of (2) to (11) above, which further comprises 
(C) a dissolution inhibiting compound that decomposes by an action of an acid and increases a solubility of the 
compound (C) in an alkaline developer, the compound (C) having a molecular weight of not more than 3,000. 

(13) A positive photosensitive composition which is a photosensitive composition according to (1), further com- 
prising: 

(D) a resin soluble in an alkaline developer; and 

(C) a dissolution inhibiting compound that decomposes by an action of an acid and increases a solubility of 
the compound (C) in an alkaline developer, the compound (C) having a molecular weight of not more than 
3,000. 

(14) A negative photosensitive composition which is a photosensitive composition according to (1), further com- 
prising: 

(D) a resin soluble in an alkaline developer; and 

(E) an acid crosslinking agent that cross-links with the resin (D) by an action of an acid. 



(15) The photosensitive composition as described in any one of (1) to (14) above, 

wherein in the general formula (I), A 2 represents an aliphatic group having a structure represented by general 
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formula (II): 



Rfi 



Rf, 



(II) 



in which Rf., and Rf 2 each independently represents a hydrogen atom, a halogen atom, an alkyl group or a 
cycloalkyl group, with proviso that at least one of Rf., and Rf 2 represents a fluorine atom or a fluoroalkyl group. 

(16) The photosensitive composition as described in any one of (1) to (15) above, 

wherein the compound (A) is one kind selected from a sulfonium salt compound of the sulfonic acid repre- 
sented by the general formula (I), an iodonium salt compound of the sulfonic acid represented by the general 
formula (I), and an ester compound of the sulfonic acid represented by the general formula (I). 

(17) The photosensitive composition as described in any one of (1 ) to (1 6) above, 

wherein each of -S0 3 H's in the sulfonic acid represented by the general formula (I) directly connects a carbon 
atom to which at least one of a fluorine atom and a fluoroalkyl group is directly connected. 

(18) The photosensitive composition as described in any one of (1) to (17) above, 

which further comprises (A') a compound having one sulfonic acid group, the compound (A') generating a 
sulfonic acid by irradiation with one of an actinic ray and a radiation. 

(19) The photosensitive composition as described in (18) above, 

wherein the compound (A 1 ) is a monovalent perfluoroalkanesulfonic acid sulfonium salt. 

(20) The photosensitive composition as described in any one of (1) to (19) above, 

which further comprises a mixed solvent of a solvent containing a hydroxyl group in its structure and a solvent 
not containing a hydroxyl group in its structure. 

(21 ) The photosensitive composition as described in any one of (1 ) to (20) above, which further comprises at least 
one of (F) a basic compound and (G) at least one of a surfactant containing a fluorine atom, a surfactant containing 
a silicon atom and a surfactant containing a fluorine atom and a silicon atom. 

(22) The photosensitive composition as described in (21) above, 

wherein the basic compound (F) is at least one of (i) a compound having a structure selected from an imi- 
dazole structure, a diazabicyclo structure, an onium hydroxide structure, an onium carboxylate structure, a tri- 
alkylamine structure, an aniline structure, and a pyridine structure, (ii) an alkylamine derivative having at least one 
of a hydroxyl group and an ether bond and (iii) an aniline derivative having at least one of a hydroxyl group and 
an ether bond. 

(23) A pattern forming method comprising: 

forming a film by using a photosensitive composition as described in any one of (1) to (22) above; 
exposing the film, so as to form a exposed film; and 
developing the exposed film. 

Detailed Description of the Invention 

[0024] The invention will be described below in detail. 

[0025] Incidentally, in the expressions of groups (atomic groups) in the present specification, the expression which 
does not express the term "substituted" or "unsubstituted" includes not only one having no substituent but also one 
having a substituent. For example, the term "alkyl group" includes not only an alkyl group having no substituent (un- 
substituted alkyl group) but also an alkyl group having a substituent (substituted alkyl group). 
[0026] The positive photosensitive composition of the invention, more preferably the positive working resist compo- 
sition, contains (A) a compound capable of generating an acid by irradiation with the actinic ray or the radiation and 
(B) a resin which is decomposed by the action of an acid, whereby its solubility in an alkaline developer increases, and 
if desired, further contains (C) a dissolution inhibiting compound which is decomposed by the action of an acid, whereby 
its solubility in an alkaline developer increases, and which has a molecular weight of not more than 3, 000, or contains 
(A) a compound capable of generating an acid by irradiation with the actinic ray or the radiation, (D) a resin soluble in 
an alkaline developer, and (C) a dissolution inhibiting compound which is decomposed by the action of an acid, whereby 
its solubility in an alkaline developer increases, and which has a molecular weight of not more than 3,000. 
[0027] The negative photosensitive composition of the invention, more preferably the negative working resist com- 
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position, contains (A) a compound capable of generating an acid by irradiation with the actinic ray or the radiation, (D) 
a resin soluble in an alkaline developer, and (E) an acid crosslinking agent capable of crosslinking with the resin soluble 
in an alkaline developer by the action of an acid. 

[0028] [1] Compound capable of generating a sulfonic acid represented by the general formula (I) by irradiation with 
5 the actinic ray or the radiation (sometimes referred to as "compound (A)"): 



15 [0029] In the general formula (I), 

A., represents a connecting group having a valence of n, 

each of A 2 's represents a single bond or a divalent aliphatic group, and A 2 's are the same or different, with proviso 
that at least one of the group represented by A 1 and the group represented by A 2 's has a fluorine atom, and 
n represents an integer of from 2 to 4. 
20 [0030] Examples of the connecting group as A 1 include an alkylene group, a cycloalkylene group, an arylene group, 
an alkenylene group, a single bond, an ether bond, an ester bond, an amide bond, a sulfide bond, a urea bond, a 
carbonyl group, a carbon atom, and a connecting group of the plural number of these groups. 
[0031] The alkylene group as A 1 may have a substituent and preferably has from 1 to 8 carbon atoms. Examples 
thereof include a methylene group, an ethylene group, a propylene group, a butylene group, a hexylene group, and 
25 an octylene group. 

[0032] The cycloalkylene group as A-, may have a substituent and preferably has from 3 to 8 carbon atoms. Examples 
thereof include a cyclopentylene group and a cyclohexylene group. 

[0033] The alkenylene group as A 1 may have a substituent and preferably has from 2 to 6 carbon atoms. Examples 
thereof include an ethenylene group, a propenylene group, and a butenylene group. 
30 [0034] The arylene group as A 1 may have a substituent and preferably has from 6 to 15 carbon atoms. Examples 
thereof include a phcnylcnc group, a tolylcnc group, and a naphthylcnc group. 

[0035] Examples of substituents which may be substituted on these groups include ones having active hydrogen 
such as acycloalkyl group, an aryl group, an amino group, an amide group, a ureido group, a urethane group, a hydroxyl 
group, and a carboxyl group, a halogen atom (for example, a fluorine atom, a chlorine atom, a bromine atom, and an 

35 iodine atom), an alkoxy group (for example, a methoxy group, an ethoxy group, a propoxy group, and a butoxy group), 
a thioether group, an acyl group (for example, an acetyl group, a propanoyl group, and a benzoyl group), an acyloxy 
group (for example, an acetoxy group, a propanoyloxy group, and a benzoyloxy group), an alkoxyarbonyl group (for 
example, a methoxycarbonyl group, an ethoxycarbonyl group, and a propoxycarbonyl group), a cyano group, and a 
nitro group. Also, with respect to the arylene group, an alkyl group (for example, a methyl group, an ethyl group, a 

40 propyl group, and a butyl group) can be further enumerated. 

[0036] The divalent aliphatic group as A 2 is preferably an alkylene group or a cycloalkylene group each having from 
1 to 8 carbon atoms, and more preferably an alkylene group or a cycloalkylene group each substituted with a fluorine 
atom or afluoroalkyl group. 

[0037] The alkylene group as A 2 may have a substituent and preferably has from 1 to 8 carbon atoms. Examples 
45 thereof include a methylene group, an ethylene group, a propylene group, a butylene group, a hexylene group, and 
an octylene group. 

[0038] The cycloalkylene group as A 2 may have a substituent and preferably has from 3 to 8 carbon atoms. Examples 
thereof include a cyclopentylene group and a cyclohexylene group. 

[0039] The fluoroalkyl group (alkyl group in which at least one hydrogen atom is substituted with a fluorine atom) 
so which the alkylene group or cycloalkylene group as A 2 preferably has may have a substituent and preferably has from 
1 to 8 carbon atoms, and more preferably from 1 to 3 carbon atoms. Examples thereof include a monofluoromethyl 
group, a difluoromethyl group, a trifluoromethyl group, a 2,2,2-trifluoroethyl group, a pentafluoroethyl group, a 
2,2,3,3,3-pentafluoropropyl group, a heptafluoropropyl group, a 2,2,3. 3,4,4, 4-heptafluorobutyl group, a nonafluorobutyl 
group, and a perfluorohexyl group. Examples of the additional substituent of the fluoroalkyl group include a hydroxyl 
55 group, an alkoxy group (preferably one having from 1 to 5 carbon atoms), a halogen atom, and a cyano group. 
[0040] Also, it is preferable that A 2 is an aliphatic group having a structure of the following formula (II). 
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(II) 



Rf 2 



[0041] In the general formula (II), Rf 1 and Rf 2 each independently represents a hydrogen atom, a halogen atom, an 
alkyl group, oracycloalkyl group, with proviso that at least one of Rf 1 and Rf 2 represents a fluorine atom or a fluoroalkyl 
group. 

[0042] The alkyl group as Rf 1 and Rf 2 may have a substituent and preferably has from 1 to 8 carbon atoms. Specific 
examples thereof include a methyl group, an ethyl group, a propyl group, an n-butyl group, and a sec-butyl group. As 
the substituent which the alkyl group as Rf 1 and Rf 2 may have, a halogen atom can be preferably enumerated. 
[0043] The cycloalkyl group as Rf 1 and Rf 2 may have a substituent and preferably has from 3 to 8 carbon atoms. 
Examples thereof include a cyclopentyl group and a cyclohexyl group 

[0044] The fluoroalkyl group as Rf 1 and Rf 2 is a group resulting from substitution of a fluorine atom on the foregoing 
alkyl group or cycloalkyl group. Examples thereof include the foregoing groups enumerated for the fluoroalkyl group. 
[0045] In the general formula (I), n represents an integer of from 2 to 4, preferably 2 or 3, and further preferably 2. 
[0046] Incidentally, it is preferable that the structure of the general formula (II) is bonded to the adjacent position of 
the sulfonic acid (the sulfur atom of the sulfonic acid atomic group). 

[0047] Further, as the sulfonic acid represented by the general formula (I), a sulfonic acid represented by the following 
general formula (III) is more preferable. 



[0048] A-, and n are synonymous with and n in the general formula (I). 

[0049] A 3 represents a single bond, an ether bond, a sulfide bond, an alkylene group, a cycloalkylene group, or an 
arylene group, and more preferably a single bond or an ether bond. A 3 of the number of n may be the same or different. 

a represents an integer of from 1 to 4. 
b represents an inter of from 0 to 4. 

[0050] The alkylene group, the cycloalkylene group and the arylene group as A 3 are the same as the alkylene group, 
the cycloalkylene group and the arylene group as A 1 , respectively. 

a preferably represents 1 or 2. 
b preferably represents from 0 to 2. 

[0051 ] As the sulfonic acid represented by the general formula (I), sulfonic acids represented by the following general 
formulae (la) to (Ih) are further preferable. 



Ai-f-(CF 2 ) b -A3-(CF 2 ) i -S0 3 H ) n 



(111) 



F 



F 



F 
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H0 3 S-| |x 



o 

F F Fjf F 

HO3S— [ /V 0-A 4 -0 N>/ |— S0 3 H HO3S— | x ^O-A 4 -O v J— SO3H 

(if) a&) ° 



HO3S— f^ N_A 4" N Y^f~ s ° 3h (;h) 



[0052] A 4 represents an alkylene group, a cycloalkylene group : an arylene group, or a group in which the plural 
number of these groups are connected to each other via at least one of a single bond, an ether bond, an ester bond, 
an amide bond, a sulfide bond, and a urea bond. 

[0053] n1 to n5 each represents an integer of from 1 to 8, and preferably an integer of from 1 to 4. 
[0054] Rf 3 each independently represents a fluorine atom or a f luoroalkyl group. 

[0055] The alkylene group, the cycloalkylene group and the arylene group as A 4 are the same as the alkylene group, 
the cycloalkylene group and the arylene group as , respectively. 
[0056] The fluoroalkyl group as Rf 3 is the same as that described above. 

[0057] Preferred specific examples of the sulfonic acid represented by the general formula (I) will be given below. 



F F 



F F 

F I F I F 
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C[CH 2 OCH 2 CH 2 CH 2 (CF 2 ) 2 0(CF 2 ) 2 S0 3 H] 4 



C[CH 2 OCH 2 CHICH 2 (CF 2 ) 2 0(CF 2 ) 2 S0 3 H] 4 



[0058] As the compound (A) capable of generating a sulfonic acid represented by the general formula (I) by irradiation 
with the actinic ray or the radiation, one kind selected from sulfonium salt compounds or iodonium salt compounds of 
the sulfonic acid represented by the general formula (I) or one kind selected from ester compounds of the sulfonic acid 
represented by the general formula (I) is preferable, and compounds represented by the following general formulae 
(A-1) to (A-5) are more preferable. 



\ R 203 /„ 



ArfAa-SOs 0 ^ (A-1) 




a 2 -so 3Vn 

(A-4) 




[0059] In the foregoing general formula (A-1), R 201 , R 2 o2> and R 203 each independently represents an organic group. 
[0060] A 1 and A 2 are synonymous with A 1 and A 2 in the general formula (I), respectively. 

n represents an integer of from 2 to 4. 
[0061] The organic group as R 201 , R 202 , and R 203 generally has from 1 to 30 carbon atoms, and preferably from 1 
to 20 carbon atoms. 

[0062] Also, two of R 20 i to R 203 may be taken together to form a ring structure, and the ring may contain an oxygen 
atom, a sulfur atom, an ester bond, an amide bond, or a carbonyl group. 

[0063] Examples of the group which two of R 201 to R 203 are taken together to form include an alkylene group (for 
example, a butylene group and a pentylene group). 

[0064] As specific examples of the organic group as R 20 i, R 2 o2> and R 203> corresponding groups in compounds (A- 
1a) to (A-1c) described later can be enumerated. 

[0065] Incidentally, compounds having the plural number of the structures represented by the general formula (A-1) 
may be employed. For example, compounds having a structure in which at least one of R 201 to R 203 of a compound 
represented by the general formula (A-1 ) is bonded to at least one of R 201 to R 203 of another compound represented 
by the general formula (A-1) may be employed. 

[0066] More preferably, the compounds (A-1 a), (A-1b) and (A-1c) described below can be enumerated as the com- 
pound (A-1). 

[0067] The compound (A-1 a) is an aryl sulfonium compound in which at least one of R 201 to R 203 of the foregoing 
general formula (A-1) is an aryl group, that is, a compound in which an aryl sulfonium is a cation. 
[0068] In the aryl sulfonium compound, all of R 201 to R 203 may be an aryl group, or a part of R 201 to R 203 may be an 
aryl group, with the remainder being an alkyl group or a cycloalkyl group. 

[0069] Examples of the aryl sulfonium compound include triaryl sulfonium compounds, diarylalkyl sulfonium com- 
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pounds, aryldialkyl sulfonium compounds, diarylcycloalkyl sulfonium compounds, and aryldicycloalkyl sulfonium com- 
pounds. 

[0070] As the aryl group of the aryl sulfonium compound, a phenyl group and a naphthyl group are preferable, and 
a phenyl group is more preferable. In the case where the aryl sulfonium compound has two or more aryl groups, the 

5 two or more aryl groups may be the same or different. 

[0071] The alkyl group or cycloalkyl group which the aryl sulfonium compound has as the need arises is preferably 
a linear or branched alkyl group having from 1 to 15 carbon atoms or a cycloalkyl group having from 3 to 15 carbon 
atoms. Examples thereof include a methyl group, an ethyl group, a propyl group, an n-butyl group, a sec-butyl group, 
a t-butyl group, a cyclopropyl group, a cyclobutyl group, and a cyclohexyl group. 

10 [0072] The aryl group, alkyl group and cycloalkyl group as R 201 to R 203 may each have an alkyl group (for example, 
one having from 1 to 15 carbon atoms), a cycloalkyl group (for example, one having from 3 to 15 carbon atoms), an 
aryl group (for example, one having from 6 to 14 carbon atoms), an alkoxy group (for example, one having from 1 to 
15 carbon atoms), a halogen atom, a hydroxyl group, or a phenylthio group as a substituent. As the substituent, a 
linear or branched alkyl group having from 1 to 12 carbon atoms, a cycloalkyl group having from 3 to 12 carbon atoms, 

is and a linear, branched or cyclic alkoxy group having from 1 to 12 carbon atoms are preferable; and an alkyl group 
having from 1 to 4 carbon atoms and an alkoxy group having from 1 to 4 carbon atoms are more preferable. The 
substituent may be substituted on any one of three R 201 to R 203 or may be substituted on all of three R 201 to R 203 . 
Also, in the case where R 20 i to R 203 are an aryl group, it is preferable that the substituent is substituted at the p-position 
of the aryl group. 

20 [0073] Next, the compound (A-1 b) will be described below. 

[0074] The compound (A-1b) is a compound in the case where in the formula (A-1), R 20 i to R 203 each independently 
represents an aromatic ring-free organic group. The aromatic ring as referred to herein includes aromatic rings con- 
taining a hetero atom. 

[0075] The aromatic ring-free organic group as R 201 to R 203 generally has from 1 to 30 carbon atoms, and preferably 
25 from 1 to 20 carbon atoms. 

[0076] R 201 to R 203 are each independently preferably an alkyl group or a cycloalkyl group (especially, a linear, 

branched or cyclic oxoalkyl group which may have a double bond in the chain and an alkoxycarbonylmethyl group are 

preferable), an allyl group, or a vinyl group; more preferably a linear, branched or cyclic 2-oxoalkyl group; and most 

preferably a linear or branched 2-oxoalkyl group, 
30 [0077] The alkyl group as R 201 to R 203 is preferably a linear or branched alkyl group having from 1 to 20 carbon 

atoms (for example, a methyl group, an ethyl group, a propyl group, a butyl group, and a pentyl group). 

[0078] The cycloalkyl group as R 201 to R 20 3 is preferably a cyclic alkyl group having from 3 to 1 0 carbon atoms (for 

example, a cyclopentyl group, a cyclohexyl group, and a norbornyl group). 

[0079] The 2-oxoalkyl group as R 201 to R 203 may be linear, branched orcyclic and is preferably a group having >C=0 
35 at the 2-position of the foregoing alkyl group or cycloalkyl group. 

[0080] The alkoxy group in the alkxoycarbonylmethyl group as R 201 to R 203 is preferably an alkoxy group having 
from 1 to 5 carbon atoms (for example, a methoxy group, an ethoxy group, a propoxy group, a butoxy group, and a 
pentyloxy group). 

[0081] Each of R 201 to R 203 may be further substituted with a halogen atom, an alkoxy group (for example, one 
40 having from 1 to 5 carbon atoms), a hydroxyl group, a cyano group, or a nitro group. 

[0082] The compound (A-1c) is a compound represented by the following general formula (A-1 c) and is a compound 
having an arylacyl sulfonium salt structure. 



[0083] In the general formula (A-1c), R 211 represents an aryl group, and preferably a phenyl group or a naphthyl 
group. Examples of a preferred substituent which the aryl group as R 211 may have include an alkyl group, a cycloalkyl 
group, an alkoxy group, an acyl group, a nitro group, a hydroxyl group, an alkoxycarbonyl group, and a carboxy group. 
55 [0084] R 212 and R 213 each independently represents a hydrogen atom, an alkyl group, or a cycloalkyl group. 

[0085] Y 201 and Y 202 each independently represents an alkyl group (especially, a 2-oxoalkyl group, an alkoxycarb- 
onylalkyl group, and a carboxyalkyl group are preferable), a cycloalkyl group (especially, a 2-oxocycloalkyl group, an 
alkoxycarbonylcycloalkyl group, and a carboxycycloalkyl group are preferable), an aryl group, or a vinyl group. 
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[0086] R 21i and R 212 may be taken together to form a ring structure; R 212 and R 213 may be taken together to form 
a ring structure; and Y 201 and Y 20 2 may be taken together to form a ring structure. These ring structures may contain 
an oxygen atom, a sulfur atom, an ester bond, or an amide bond. Examples of the group which R 2 ii and R 2 i 2 are 
taken together to form, the group which R 212 and R 213 are taken together to form, and the group which Y 201 and Y 202 
are taken together to form include a butylene group and a pentylene group. 
[0087] A 1 and A 2 are synonymous with A 1 and A 2 in the general formula (I), respectively. 

n represents an integer of from 2 to 4. 
[0088] The alkyl group as R 212 and R 213 is preferably an alkyl group having from 1 to 20 carbon atoms. 
[0089] The cycloalkyl group as R 212 and R 213 is preferably a cycloalkyl group having from 3 to 20 carbon atoms. 
[0090] The alkyl group as Y 201 and Y 202 is preferably an alkyl group having from 1 to 20 carbon atoms. 
[0091] The cycloalkyl group as Y 201 and Y 202 is preferably a cycloalkyl group having from 3 to 20 carbon atoms. 
[0092] The 2-oxoalkyl group as Y 201 and Y 202 is preferably a group having >C=0 at the 2-position of the alkyl group 
as Y 201 and Y 202 . 

[0093] The 2-oxocycloalkyl group as Y 201 and Y 202 is preferably a group having >C=0 at the 2-position of the cy- 
cloalkyl group as Y 201 and Y 202 . 

[0094] The alkoxycarbonyl group in the alkoxycarbonylalkyl group and alkxoycarbonylcycloalkyl group as Y 201 and 
Y 202 is preferably an alkoxycarbonyl group having from 2 to 20 carbon atoms. 

[0095] Y 201 and Y 202 are each preferably an alkyl group or a cycloalkyl group each having 4 carbon atoms or more, 
preferably from 4 to 16 carbon atoms, and further preferably from 4 to 12 carbon atoms. 

[0096] Also, it is preferable that at least one of R 212 and R 213 is an alkyl group or a cycloalkyl group; and it is more 
preferable that both R 212 and R 213 are an alkyl group or a cycloalkyl group. 

[0097] In the general formula (A-2), R 204 and R 205 each independently represents an aryl group, an alkyl group, or 
a cycloalkyl group. 

[0098] A 1 and A 2 are synonymous with A 1 and A 2 in the general formula (I), respectively. 
[0099] n represents an integer of from 2 to 4. 

[0100] The aryl group as R 204 and R 205 is preferably a phenyl group or a naphthyl group, and more preferably a 
phenyl group. 

[0101] The alkyl group as R 204 and R 205 is preferably a linear or branched alkyl group having from 1 to 10 carbon 
atoms (for example, a methyl group, an ethyl group, a propyl group, a butyl group, and a pentyl group). 
[0102] The cycloalkyl group as R 204 and R 205 is preferably a cycloalkyl group having from 3 to 1 0 carbon atoms (for 
example, a cyclopcntyl group, a cyclohoxyl group, and a norbornyl group). 

[0103] Examples of the substituent which the group as R 20 4 and R 205 may have include an alkyl group (for example, 
one having from 1 to 15 carbon atoms), a cycloalkyl group (for example, one having from 3 to 15 carbon atoms), an 
aryl group (for example, one having from 6 to 15 carbon atoms), an aikoxy group (for example, one having from 1 to 
15 carbon atoms), a halogen atom, a hydroxyl group, and a phenylthio group. 

[0104] In the general formula (A-3), A represents an alkylene group, an alkenylene group, or an arylene group. 
[0105] A 1 and A 2 are synonymous with A 1 and A 2 in the general formula (I), respectively. 
[0106] n represents an integer of from 2 to 4. 

[0107] In the general formula (A-4), R 206 represents an alkyl group, a cycloalkyl group, or an aryl group. 

[0108] R 207 represents an alkyl group (especially, an oxoalkyl group is preferable), a cycloalkyl group (especially, an 

oxocycloalkyl group is preferable), a cyano group, or an alkoxycarbonyl group, and preferably a halogen-substituted 

alkyl group, a halogen-substituted cycloalkyl group, or a cyano group. 

[0109] A 1 and A 2 are synonymous with A 1 and A 2 in the general formula (I), respectively. 

[0110] n represents an integer of from 2 to 4. 

[0111] In the general formula (A-5), R 208 and R 20 g each represents a hydrogen atom, an alkyl group, a cycloalkyl 
group, a cyano group, a nitro group, or an alkoxycarbonyl group, and preferably a halogen-substituted alkyl group, a 
halogen-substituted cycloalkyl group, a nitro group, or a cyano group. 

[0112] R 210 represents a hydrogen atom, an alkyl group, a cycloalkyl group, a cyano group, or an alkoxycarbonyl 
group. 

[0113] A 1 and A 2 are synonymous with A 1 and A 2 in the general formula (I), respectively. 

[0114] Of these, the compounds represented by the general formula (A-1) are especially preferable. 

[0115] Specific examples of the compound (A) will be given below, but it should not be construed that the invention 

is limited thereto. 
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[0116] The compound (A) can be synthesized by synthesizing a derivative of the sulfonic acid represented by the 
general formula (I) and then subjecting it to salt exchange with an onium halide, etc. or esterification with a hydroxyl 
group-containing compound. The derivative of the sulfonic acid represented by the general formula (I) can be synthe- 
sized by methods described in, for example, JP-A-2001 -322975, J. Org. Chem., Vol. 56, No. 22 (1991), p. 6348, and 
Synthesis, (1989), p. 464. 

[0117] The content of the compound (A) in the photosensitive composition of the invention is preferably from 0.1 to 
20 % by weight, more preferably from 0.5 to 1 0 % by weight, and further preferably from 1 to 7 % by weight based on 
the solids of the composition. 



(Associative acid generating agent) 



[0118] In the invention, a compound capable of generating an acid by irradiation with the actinic ray or the radiation 
may be further used jointly in addition to the compound (A) 

[0119] The amount of the photo acid generating agent which can be used jointly is usually from 100/0 to 20/80, 
preferably from 100/0 to 40/60, and more preferably from 100/0 to 50/50 in terms of a molar ratio (compound (AVother 
acid generating agent). 

[0120] As such a photo acid generating agentthat can be used jointly, photoinitiators of photo cationic polymerization, 
photoinitiators of photo radical polymerization, light fading agents of dyes, light discoloring agents, known compounds 
capable of generating an acid by irradiation with the actinic ray or the radiation, which are used in micro resists, etc., 
and mixtures thereof can be adequately chosen and used. 

[0121] Examples thereof include diazonium salts, phosphonium salts, sulfonium salts, iodonium salts, imide sul- 
fonates, oximc sulfonates, diazo disulfoncs, disulfones, and o-nitrobenzyl sulfonate. 

[0122] Also, compounds in which a group or compound capable of generating an acid by irradiation with the actinic 
ray or the radiation is introduced into the principal chain or the side chain of a polymer, for example, compounds 
described in U.S. Patent No, 3,849,137, German Patent No. 3,914,407, JP-A-63-26653, JP-A-55-1 64824, JP-A- 
62-69263, J P-A-63- 146038, JP-A-63-1 63452, JP-A-62-153853, and JP-A-63-1 46029, can be used. 
[0123] Further, compounds capable of generating an acid by light described in U.S. Patent No. 3, 779, 778 and 
European Patent No. 126,712 can be used. 

[01 24] Of the compounds that are decomposed by irradiation with the actinic ray or the radiation to generate an acid, 
which maybe used jointly, compounds represented by the following general formulae (Zl), (Zll) and (Zll I) are preferable. 



R 201 
R202 - S + X 
R203 

Zl 

[0125] In the foregoing general formula (Zl), R 201 , R 202 , and R 203 each independently represents an organic group. 
[0126] The organic group as R 201 , R 202 , and R 203 generally has from 1 to 30 carbon atoms, and preferably from 1 
to 20 carbon atoms. 

[0127] Also, two of R 201 , R 202 , and R 203 may be taken together to form a ring structure. The ring may contain an 
oxygen atom, a sulfur atom, an ester bond, an amide bond, or a carbonyl group. 

[0128] Examples of the group which two of R 201 to R 203 are taken together to form include an alkylene group (for 
example, a butylene group and a pentylene group). 
[0129] X" represents a non-nucleophilic anion. 

[0130] Examples of the non-nucleophilic anion as X" include a sulfonic anion, a carboxylic anion, a sulfonylimide 



O N 2 O 

II if II 

R 204 {j - R205 R206~ S— S— R 20 7 
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anion, a bis(alkylsulfonyl)imide anion, and a tris(alkylsulfonyl) methyl anion. 

[0131] The non-nucleophilic anion as referred to herein means an anion having a remarkably low ability to cause 
nucleophilic reaction and an anion capable of inhibiting decomposition with time due to intramolecular nucleophilic 
reaction. By this, stability with time of the resist is enhanced. 
5 [0132] Examples of the sulfonic anion include an aliphatic sulfonic anion, an aromatic sulfonic anion, and a camphor 
sulfonic anion. 

[0133] Examples of the carboxylic anion include an aliphatic carboxylic anion, an aromatic carboxylic anion, and an 
aralkyl carboxylic anion. 

[0134] The aliphatic site in the aliphatic sulfonic anion may be an alkyl group or a cycloalkyl group, and preferably 
10 an alkyl group having from 1 to 30 carbon atoms or a cycloalkyl group having from 3 to 30 carbon atoms. Examples 
thereof include a methyl group, an ethyl group, a propyl group, an isopropyl group, an n-butyl group, an isobutyl group, 
a sec-butyl group, a pentyl group, a neopentyl group, a hexyl group, a heptyl group, an octyl group, a nonyl group, a 
decyl group, an undecyl group, a dodecyl group, a tridecyl group, a tetradecyl group, a pentadecyl group, a hexadecyl 
group, a heptadecyl group, an octadecyl group, a nonadecyl group, an eucosyl group, acyclopropyl group, acyclopentyl 
is group, a cyclohexyl group, an adamantyl group, a norbornyl group, and boronyl group. 

[0135] The aromatic group in the aromatic sulfonic anion is preferably an aryl group having from 6 to 14 carbon 
atoms, and examples thereof include a phenyl group, a tolyl group, and a naphthyl group. 

[0136] Each of the alkyl group, the cycloalkyl group and the aryl group in the foregoing aliphatic sulfonic anion and 
aromatic sulfonic anion may have a substituent. 

20 [0137] Examples of such a substituent include a nitro group, a halogen atom (for example, a fluorine atom, a chlorine 
atom, a bromine atom, and an iodine atom), a carboxyl group, a hydroxyl group, an amino group, a cyano group, an 
alkoxy group (preferably, one having from 1 to 5 carbon atoms), a cycloalkyl group (preferably, one having from 3 to 
15 carbon atoms), an aryl group (preferably, one having from 6 to 14 carbon atoms), an alkoxycarbonyl group (prefer- 
ably, one having from 2 to 7 carbon atoms), an acyl group (preferably, one having from 2 to 12 carbon atoms), and an 

25 alkoxycarbonyloxy group (preferably, one having from 2 to 7 carbon atoms). With respect to the aryl group and ring 
structure which the respective groups have, an alkyl group (preferably, one having from 1 to 15 carbon atom) can be 
further enumerated as the substituent, 

[0138] As the aliphatic site in the aliphatic carboxylic anion, the same alkyl group and cycloalkyl group as in the 
aliphatic sulfonic anion can be enumerated. 
30 [0139] As the aryl group in the aromatic carboxylic anion, the same aryl group as in the aromatic sulfonic anion can 
be enumerated. 

[0140] The aralkyl group in the aralkyl carboxylic anion is preferably an aralkyl group having from 6 to 12 carbon 
atoms, and examples thereof include a benzyl group, a phenethyl group, a naphthylmethyl group, a naphthylethyl 
group, and a naphthylmethyl group. 
35 [0141] Each of the alkyl group, the cycloalkyl group, the aryl group and the aralkyl group in the foregoing aliphatic 
carboxylic anion, aromatic carboxylic anion and aralkyl carboxylic anion may have a substituent. Likewise the case of 
the aromatic sulfonic anion, examples of the substituent include a halogen atom, an alkyl group, a cycloalkyl group, 
an alkoxy group, and an alkylthio group. 

[0142] Examples of the sulfonylimide anion include a saccharin anion. 

40 [0143] The alkyl group in the bis (alkylsulfonyl) imide anion and tris(alkylsulfonyl)methyl anion is preferably an alkyl 
group having from 1 to 5 carbon atoms, and examples thereof include a methyl group, an ethyl group, a propyl group, 
an isopropyl group, an n-butyl group, an isobutyl group, a sec-butyl group, a pentyl group, and a neopentyl group. 
Theses alkyl groups may have a substituent. Examples of the substituent include a halogen atom, a halogen atom- 
substituted alkyl group, an alkoxy group, and an alkylthio group. Of these, a fluorine atom-substituted alkyl group is 

45 preferable. 

[0144] Examples of other non-nucleophilic anion include phosphorus fluoride, boron fluoride, and antimony fluoride. 
[0145] As the non-nucleophilic anion represented by X", an aliphatic sulfonic anion in which the ce-position of the 
sulfonic acid is substituted with a fluorine atom, an aromatic sulfonic anion substituted with a fluorine atom or a fluorine 
atom-containing group, a bis(alkylsulfonyl)imide anion in which the alkyl group is substituted with a fluorine atom, and 

so a tris (alkylsulfonyl)methyl anion in which the alkyl group is substituted with a fluorine atom are preferable. As the non- 
nucleophilic anion, a perfluoro aliphatic sulfonic anion having from 4 to 8 carbon atoms and a fluorine atom-containing 
benzenesulfonic anion are especially preferable; and a nonafluorobutanesulfonic anion, a perfluorooctanesulfonic an- 
ion, pentafluorobenzenesulfonic anion, and a 3,5-bis (trifluoromethyl)benzenesulfonic anion are the most preferable. 
[0146] As specific examples of the organic group as R 20 i, R 2 rj2, and R 203> corresponding groups in compounds 

55 (Z1-1), (Z1-2) and (Z1-3) described later can be enumerated. 

[0147] Incidentally, compounds having the plural number of the structures represented by the general formula (Zl) 
may be employed. For example, compounds having a structure in which at least one of R 201 to R 203 of a compound 
represented by the general formula (Z1) is bonded to at least one of R 201 to R 203 of another compound represented 
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by the general formula (Z1) may be employed. 

[0148] More preferably, the compounds (Z1-1), (Z1-2) and (Z1-3) described below can be enumerated as the com- 
pound (Zl). 

[0149] The compound (Z-1) is an aryl sulfonium compound in which at least one of R 201 to R 203 of the foregoing 
5 general formula (Zl) is an aryl group, that is, a compound in which the cation thereof is an aryl sulfonium. 

[0150] In the aryl sulfonium compound, all of R 201 to R 203 may be an aryl group, or a part of R 201 to R 203 may be an 
aryl group, with the remainder being an alkyl group or a cycloalkyl group. 

[0151] Examples of the aryl sulfonium compound include triaryl sulfonium compounds, diarylalkyl sulfonium com- 
pounds, aryldialkyl sulfonium compounds, diarylcycloalkyl sulfonium compounds, and aryldicycloalkyl sulfonium com- 
10 pounds. 

[0152] As the aryl group of the aryl sulfonium compound, a phenyl group and a naphthyl group are preferable, and 
a phenyl group is more preferable. In the case where the aryl sulfonium compound has two or more aryl groups, the 
two or more aryl groups may be the same or different. 

[0153] The alkyl group which the aryl sulfonium compound has as the need arises is preferably a linear or branched 
is alkyl group having from 1 to 1 5 carbon atoms. Examples thereof include a methyl group, an ethyl group, a propyl group, 
an n-butyl group, a sec-butyl group, and a t-butyl group. 

[0154] The cycloalkyl group which the aryl sulfonium compound has as the need arises is preferably a cycloalkyl 
group having from 3 to 15 carbon atoms. Examples thereof include a cyclopropyl group, a cyclobutyl group, and a 
cyclohexyl group. 

20 [0155] The aryl group, the alkyl group, and the cycloalkyl group as R 201 to R 203 may each have an alkyl group (for 
example, one having from 1 to 15 carbon atoms), a cycloalkyl group (for example, one having from 3 to 15 carbon 
atoms), an aryl group (for example, one having from 6 to 14 carbon atoms), an alkoxy group (for example, one having 
from 1 to 15 carbon atoms), a halogen atom, a hydroxyl group, oraphenylthiogroupasasubstituent. Asthesubstituent, 
a linear or branched alkyl group having from 1 to 12 carbon atoms, a cycloalkyl group having from 3 to 12 carbon 

25 atoms, and a linear, branched or cyclic alkoxy group having from 1 to 12 carbon atoms are preferable; and an alkyl 
group having from 1 to 4 carbon atoms and an alkoxy group having from 1 to 4 carbon atoms are more preferable. 
The substituent may be substituted on any one of three R 201 to R 203 or may be substituted on all of three R 201 to R 203 . 
Also, in the case where R 201 to R 203 are an aryl group, it is preferable that the substituent is substituted at the p-position 
of the aryl group, 

30 [01 56] Next, the compound (Z1 -2) will be described below. 

[0157] The compound (Z1-2) is a compound in the case where in the formula (Zl), R 201 to R 203 each independently 
represents an aromatic ring-free organic group. The aromatic ring as referred to herein includes aromatic rings con- 
taining a hetero atom. 

[0158] The aromatic ring-free organic group as R 201 to R 203 generally has from 1 to 30 carbon atoms, and preferably 
35 from 1 to 20 carbon atoms. 

[0159] R 201 to R 203 are each independently preferably an alkyl group, a cycloalkyl group, an allyl group, or a vinyl 
group; more preferably a linear or branched 2-oxoalkyl group, a 2-oxocycloalkyl group, or an alkoxycarbonylmethyl 
group; and most preferably a linear or branched 2-oxoalkyl group. 

[0160] The alkyl group as R 201 to R 203 is preferably a linear or branched alkyl group having from 1 to 10 carbon 
40 atoms, and examples thereof include a methyl group, an ethyl group, a propyl group, a butyl group, and a pentyl group. 
The alkyl group is more preferably a 2-oxoalkyl group or an alkoxycarbonylmethyl group. 

[0161] The cycloalkyl group as R 201 to R 203 is preferably a cycloalkyl group having from 3 to 10 carbon atoms, and 
examples thereof include a cyclopentyl group, a cyclohexyl group, and a norbornyl group. The cycloalkyl group is more 
preferably a 2-oxocycloalkyl group. 
45 [0162] The 2-oxoalkyl group may be linear or branched and is preferably a group having >C=0 at the 2-position of 
the foregoing alkyl group. 

[0163] The 2-oxocycloalkyl group is preferably a group having >C=0 at the 2-position of the foregoing cycloalkyl 
group. 

[0164] The alkoxy group in the alkxoycarbonylmethyl group is preferably an alkoxy group having from 1 to 5 carbon 
so atoms (for example, a methoxy group, an ethoxy group, a propoxy group, a butoxy group, and a pentyloxy group). 
[0165] Each of R 201 to R 203 may be further substituted with a halogen atom, an alkoxy group (for example, one 
having from 1 to 5 carbon atoms), a hydroxyl group, a cyano group, or a nitro group. 

[0166] The compound (Z1-3) is a compound represented by the following general formula (Z1-3) and is a compound 
having an phenacyl sulfonium salt structure. 

55 
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(Z1-3) 



[0167] In the general formula (Z1-3), R-| C to R 5c each independently represents a hydrogen atom, an alkyl group, a 
cycloalkyl group, an alkoxy group, or a halogen atom. 

15 [0168] R 6c and R 7c each independently represents a hydrogen atom, an alkyl group, or a cycloalkyl group. 

[0169] R x and R y each independently represents an alkyl group, a cycloalkyl group, an allyl group, or a vinyl group. 
[0170] Two or more of R 1c to R 5c , R 6c and R 7c , or R x and R y may be taken together to form a ring structure. This 
ring structure may contain an oxygen atom, a sulfur atom, an ester bond, or an amide bond. Examples of the group 
which two or more of R 1c to R 5c , R 6c and R 7c . or R x and R y are taken together to form include a butylene group and a 

20 pentylene group. 

[0171] Zc - represents a non-nucleophilic anion, and the same non-nucleophilic anion as in the general formula (Zl) 
can be enumerated. 

[0172] The alkyl group as Ri c to R 7c maybe linear or branched, and examples thereof include an alkyl group having 
from 1 to 20 carbon atoms, and preferably a linear or branched alkyl group having from 1 to 12 carbon atom (for 
25 example, a methyl group, an ethyl group, a linear or branched propyl group, a linear or branched butyl group, and a 
linear or branched pentyl group). 

[0173] The cycloalkyl group is preferably a cycloalkyl group having from 3 to 8 carbon atoms (for example, a cy- 
clopentyl group and a cyclohexyl group). 

[0174] The alkoxy group as R 1c to R 5c may be linear, branched or cyclic, and examples thereof include an alkoxy 
30 group having from 1 to 1 0 carbon atoms, and preferably a linear or branched alkoxy group having from 1 to 5 carbon 
atoms (for example, a methoxy group, an ethoxy group, a linear or branched propoxy group, a linear or branched 
butoxy group, and a linear or branched pentoxy group), and a cyclic alkoxy group having from 3 to 8 carbon atoms (for 
example, a cyclopentyloxy group and a cyclohexyloxy group). 

[0175] Preferably, anyone of R 1c to R 5c is a leaner or branched alkyl group, a cycloalkyl group, or a linear, branched 
35 or cyclic alkoxy group; and more preferably, the sum of carbon atoms of R 1c to R 5c is from 2 to 15. In this regard, the 
solvent solubility is more enhanced so that the generation of particles is inhibited at the time of storage. 
[0176] The alkyl group and the cycloalkyl group as R x and R y are the same as the alkyl group and the cycloalkyl 
group as R 1c to R 7c , respectively. Of these, a 2-oxoalkyl group, a 2-oxocycloalkyl group, and an alkoxycarbonylmethyl 
group are more preferable. 

40 [0177] As the 2-oxoalkyl group and the 2-oxocycloalkyl group, groups having >C=0 at the 2-position of each of the 
alkyl group and the cycloalkyl group as R 1c to R 7c can be enumerated. 

[0178] The alkoxy group in the alkoxycarbonylmethyl group is the same as the alkoxy group as R 1c to R 5c . 
[0179] R x and R y are preferably an alkyl group or a cycloalkyl group each having 4 or more carbon atoms, more 
preferably an alkyl group or a cycloalkyl group each having 6 or more carbon atoms, and further preferably an alkyl 
45 group or a cycloalkyl group each having 8 or more carbon atoms. 

[0180] In the general formulae (Zll) and (Zlll), R 204 to R 207 each independently represents an aryl group, an alkyl 
group, or a cycloalkyl group. 

[0181] The aryl group as R 20 4to R 207 is preferably a phenyl group or a naphthyl group, and more preferably a phenyl 
group. 

so [0182] The alkyl group as R 204 to R 207 is preferably a linear or branched alkyl group having from 1 to 10 carbon 
atoms, and examples thereof include a methyl group, an ethyl group, a propyl group, a butyl group, and a pentyl group. 
[0183] The cycloalkyl group as R 204 to R 207 is preferably a cycloalkyl group having from 3 to 10 carbon atoms, and 
examples thereof include a cyclopentyl group, a cyclohexyl group, and a norbornyl group. 

[0184] Examples of the substituent which R 204 to R 207 may have include an alkyl group (for example, one having 
55 from 1 to 15 carbon atoms), a cycloalkyl group (for example, one having from 3 to 15 carbon atoms), an aryl group (for 
example, one having from 6 to 15 carbon atoms) , an alkoxy group (for example, one having from 1 to 15 carbon 
atoms), a halogen atom, a hydroxyl group, and a phenylthio group. 

[0185] X" represents a non-nucleophilic anion, and the same non-nucleophilic anion as X" in the general formula (Zl) 
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can be enumerated. 

[0186] Examples of the compounds capable of generating an acid by irradiation with the actinic ray or the radiation, 
which may be used jointly, include compounds represented by the following general formulae (ZIV), (ZV) and (ZVI). 



Ar 3 -S0 2 -S0 2 -Ar 4 R 2 06-SO 2 O-|syA 

ziv zv 0 



[0187] In the general formulae (ZIV) to (ZVI), Ar 3 and Ar 4 each independently represents an aryl group. 
[0188] R 206; R 207 , and R 208 each independently represents an alkyl group or an aryl group. 
[0189] A represents an alkylene group, an alkenylene group, or an arylene group. 

[0190] Of the compounds capable of generating an acid by irradiation with the actinic ray or the radiation, which may 
be used jointly, the compounds represented by the general formulae (Zl)'to (Zlll) are more preferable. 
[0191] Also, as the compound capable of generating an acid by irradiation with the actinic ray or the radiation, which 
may be used jointly, a compound capable of generating a sulfonic acid having one sulfonic group is preferable; a 
compound capable of generating a monovalent perf luoro aliphatic sulfonic acid and a compound capable of generating 
an aromatic sulfonic acid substituted with a fluorine atom or a fluorine atom-substituted group are more preferable. 
[01 92] Of the compounds capable of generating an acid by irradiation with the actinic ray or the radiation, which may 
be used jointly, the following compounds are especially preferable. 



y O S02~R2D6 




ZVI 



s+cf 3 so 3 - (0" s+ C4F9S ° 3 " \Xjft C8FnS ° 3 " 

3 3 (z3) 

(7.1) (z2) y 1 
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CF3SO3- 

(221) 


C4F9S03- 

(z22) 


cbFi 7 so 3 - 

(223) 


CF3SO3- 

(224) 


a 
C4F9S03- 

(z25) 


C 8 F 17 S03- ^ 

(226) 
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-cWb- < m< > -F!f 

(230) (z31) (z32) 



iL n*rr 0 CF 3 CF 3 O 

^ n .o-s-cf 3 h 3 ch 2 ch 2 c-so. n ^q^ ^qA n .os-ch 2 ch 2 ch 3 

(z33) ° (z34) 0 



CF3SO3- M 1 C4F9SO3- KJ C 8 F 17 S0 3 - 

(235) (z36) (z37) 



OBu 



S+ C4F9SO3- C4F9SO3- 
(z39) 



S+ 

^— ^ (z4C 



^ C 4 F 9 S0 3 - IJ C4F9S03 _ ^}JLs + 7 



(z41) 
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( Z 47) (z48) (z49) 



o f« H " o ? sHl7 0 ? 12 " 25 

nr^ s+ ^ 4 H 9 Qr^ s+ ^ 8 H 17 qt j ^ s+ -c 12 h 2S 

C4F9SO3- C4F9SO3- C 4 F 9 S0 3 - 

(z50) ( z5 i) ( z5 2) 



c 4 f 9 so 3 - r A C4FgS03 _ 

(z53) (z54) 



[0193] [2] (B) Resin, the solubility of which in an alkaline developer increases by the action of an acid (hereinafter 
sometimes referred to as "component (B)"): 

[0194] The resin, the solubility of which in an alkaline developer increases by the action of an acid, and which is used 
30 in the positive photosensitive composition of the invention, is a resin having a group capable of being decomposed by 
an acid (hereinafter sometimes referred to as "acid decomposable group") in the principal chain or the side chain or 
both the principal chain and the side chain of the resin. Above all, a resin having a group capable of being decomposed 
by an acid in the side chain is more preferable. 

[0195] The group capable of being decomposed by an acid is preferably a group resulting from substitution of the 
35 hydrogen atom of a -COOH group or an -OH group with a group capable of being eliminated by an acid. 

[0196] In the invention, it is preferable that the acid decomposable group is an acetal group or a tertiary ester group. 

[0197] In the case where a group capable of being decomposed by an acid is bonded as the side chain, the matrix 

resin is an alkali-soluble resin having an -OH or -COOH group in the side chain. For example, alkali-soluble resins 

described later can be enumerated. 
40 [0198] The alkali dissolution rate of such an alkali-soluble resin is preferably 170 A/sec or more, and especially 

preferably 330 A/sec or more ("A" means an angstrom) as measured (at 23 °C) in 0.261 N tetramethylammonium 

hydroxide (TMAH). 

[0199] From this viewpoint, alkali-soluble resins having a hydroxystyrene structural unit, such as 0-, m- or p-poly 
(hydroxystyrene) and copolymers thereof, hydrogenated poly (hydroxystyrene), halogen- or alkyl-substituted poly (hy- 
45 droxystyrene), partly O-alkylated or O-acylated products of poly (hydroxystyrene), a styrene-hydroxystyrene copolymer, 
an a-methylstyrene-hydroxystyrene copolymer, and hydrogenated novolak resins, are especially preferable as the 
alkali-soluble resin. 

[0200] As the preferred acid decomposable group-containing repeating unit in the invention, t-butoxycarbonyloxy- 
styrene, a 1-alkoxyethoxystyrene, and a (meth)acrylic acid tertiary alkyl ester can be enumerated. 
50 [0201] The component (B) to be used in the invention can be obtained by reacting the alkali-soluble resin with a 
precursor of a group capable of being decomposed by an acid, or copolymerizing an alkali-soluble resin monomer 
having a group capable of being decomposed by an acid bonded thereto and a variety of monomers as disclosed in 
European Patent No. 254853, JP-A-2-25850, JP-A-3-223860 and JP-A-4-251259. 

[0202] Specific examples of the component (B) to be used in the invention will be given below, but it should not be 
55 construed that the invention is limited thereto. 

p-t-Butoxystyrene/p-hydroxystyrene copolymer 
p-(t-Butoxycarbonyloxy)styrene/p-hydroxystyrene copolymer 
p-(t-Butoxycarbonylmethyloxy)styrene/p-hydroxystyrene copolymer 
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4-(t-Butoxycarbonylmethyloxy)-3-methylstyrene/4-hydroxy-3-methylstyrene copolymer 
p-(t-Butoxycarbonylmethyloxy)styrene/p-hydroxystyrene (1 0 % hydrogenated product) copolymer 
m-(t-Butoxycarbonylmethyloxy)styrene/m-hydroxystyrene copolymer 
o-(t-Butoxycarbonylmethyloxy)styrene/o-hydroxystyrene copolymer 
p-(Cumyloxycarbonylmethyloxy)styrene/p-hydroxystyrene copolymer 
Cumyl methacrylate/methyl methacrylate copolymer 
4-t-Butoxycarbonylstyrene/dimethyl maleate copolymer 
Benzyl methacrylate/tetrahydropyranyl methacrylate copolymer 
p-(t-Butoxycarbonylmethyloxy)styrene/p-hydroxystyrene/styrene copolymer 
p-t-Butoxystyrene/p-hydroxystyrene/fumaronitrile copolymer 
t-Butoxystyrene/hydroxyethyl methacrylate copolymer 

Styrene/N-(4-hydroxyphenyl)maleimide/N-(4-t-butoxycar bonyloxyphenyl)maleimide copolymer 
p-Hydroxystyrene/t-butyl methacrylate copolymer 
Styrene/p-hydroxystyrene/t-butyl methacrylate copolymer 
p-Hydroxystyrene/t-butyl methacrylate copolymer 
Styrene/p-hydroxystyrene/t-butyl acrylate copolymer 

p-(t-Butoxycarbonylmethyloxy)styrene/p-hydroxystyrene/N-methylmaleimide copolymer 
t-Butyl methacrylate/1-adamantylmethyl methacrylate copolymer 
p-Hydroxystyrene/t-butyl acrylate/p-acetoxystyrene copolymer 
p-Hydroxystyrene/t-butyl acrylate/p-(t-butoxycarbonyloxy)styrene copolymer 
p-Hydroxystyrene/t-butyl acrylate/p-(t-butoxycarbonylmethyloxy)styrene copolymer 
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[0203] In the foregoing specific examples, the symbol "tBu" represents a t-butyl group. 

[0204] The content of the group capable of being decomposed by an acid is expressed by [B/(B + S)] wherein B 
represents the number of the group capable of being decomposed by an acid in the resin, and S represents the number 
of the alkali-soluble group not protected by a group capable of being eliminated by an acid. The content is preferably 
from 0.01 to 0.7, more preferably from 0. 05 to 0.50, and further preferably from 0.05 to 0.40. 
[0205] (Ba) Resin having a monocyclic or polycyclic alicyclic hydrocarbon structure, the solubility of which in an 
alkaline developer increases by the action of an acid: 

[0206] In the case where the positive photosensitive composition of the invention is irradiated with an ArF excimer 
laser, it is preferable that the resin as the component (B) is a resin having a monocyclic or polycyclic alicyclic hydro- 
carbon structure, the solubility of which in an alkaline developer increases by the action of an acid. 
[0207] As the resin having a monocyclic or polycyclic alicyclic hydrocarbon structure, the solubility of which in an 
alkaline developer increases by the action of an acid (this resin will be hereinafter sometimes referred to as "alicyclic 
hydrocarbon based acid decomposable resin"), a resin having at least one member selected from the group consisting 
of a repeating unit having a partial structure containing an alicyclic hydrocarbon represented by any one of the following 
general formulae (pi) to (pVI) and a repeating unit represented by the following general formula (ll-AB). 




(Pi) 
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R 12 
-C— R 13 
R 14 



(pii) 



R 15 
o 

I 

-CH-R 1f 



(pill) 




(pIV) 



^22 O 
I I II 

-C— CH— C— R 24 (PV) 
R25 



40 




45 [0208] In the formulae, R u represents a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n- 
butyl group, an isobutyl group, or a sec-butyl group. 

[0209] Z represents an atomic group necessary for forming an alicyclic hydrocarbon group together with a carbon 
atom. 

[0210] R 12 to R 16 each independently represents a linear or branched alkyl group having from 1 to 4 carbon atom 
so or an alicyclic hydrocarbon group, with proviso that at least one of R 12 to R M and any one of R 15 and R 16 represent 
an alicyclic hydrocarbon group. 

[0211] R 17 to R 21 each independently represents a hydrogen atom, a linear or branched alkyl group having from 1 
to 4 carbon atoms or an alicyclic hydrocarbon group, with proviso that at least one of R 17 to R 21 represents an alicyclic 
hydrocarbon group and that any one of R 19 and R 21 represents a linear or branched alkyl group having from 1 to 4 
55 carbon atoms or an alicyclic hydrocarbon group. 

[0212] R 22 to R 25 each independently represents a hydrogen atom, a linear or branched alkyl group having from 1 
to 4 carbon atoms or an alicyclic hydrocarbon group, with proviso that at least one of R 22 to R 25 represents an alicyclic 
hydrocarbon group and that R 23 and R 24 may be taken together to form a ring. 
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;'" Z S 
R11 R12 

(II-AB) 

[0213] In the general formula (II-AB), R^' and R 12 ' each independently represents a hydrogen atom, a cyano group, 
a halogen atom, or an alkyl group. 

[0214] Z 1 represents an atomic group for forming an alicyclic structure, which contains bonded two carbon atoms 
(C-C). 

[0215] Also, the foregoing general formula (II-AB) is further preferably the following general formula (ll-A) or (ll-B). 




(M-A) 



[0216] Intheformulae (ll-A) and (ll-B), R 13 ' to R 16 ' each independently represents a hydrogen atom, a halogen atom, 
a cyano group, -COOH, -COOR 5 , a group capable of being decomposed by an acid, -C(=0)-X-A'-R 17 ', an alkyl group, 
or a cyclic hydrocarbon group, 

[0217] Here, R 5 represents an alkyl group, a cyclic hydrocarbon group, or the following -Y group. 
[0218] X represents an oxygen atom, a sulfur atom, -NH-, -NHS0 2 -. or -NHS0 2 NH-. 
[0219] A' represents a single bond or a divalent connecting group. 

[0220] R 17 ' represents -COOH, -COOR 5 , -CN-, a hydroxyl group, an alkoxy group, -CO-NH-R 6 , -CO-NH-S0 2 -R 6 , or 
the following -Y group. 

[0221] R 6 represents an alkyl group or a cyclic hydrocarbon group. 
[0222] Also, at least two of R 13 ' to R 16 ' may be taken together to form a ring. 
[0223] n represents 0 or 1 . 
[0224] -Y group: 




[0225] In the -Y group, R 21 ' to R 30 ' each independently represents a hydrogen atom or an alkyl group. 
[0226] a and b each represents 1 or 2. 

[0227] In the general formulae (pi) to (pVI), the alkyl group as R 12 to R 25 is preferably a linear or branched alkyl 
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group having from 1 to 4 carbon atoms. Examples of the alkyl group as R 12 to R 25 include a methyl group, an ethyl 
group, an n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a sec-butyl group, and a t-butyl group. 
[0228] The foregoing alkyl group may further have a substituent. Examples of the substituent which the alkyl group 
may have include an alkoxy group having from 1 to 4 carbon atoms, a halogen atom (for example, a fluorine atom, a 
chlorine atom, a bromine atom, and an iodine atom), an acyl group, an acyloxy group, acyano group, a hydroxyl group, 
a carboxy group, an alkoxycarbonyl group, and a nitro group. 

[0229] The alicyclic hydrocarbon group as R 12 to R 25 or the alicyclic hydrocarbon group which Z forms together with 
the carbon atom may be monocyclic or polycyclic. Specifically, groups having a monocyclic, bicyclic, tricyclic or tetra- 
cyclic structure having 5 or more carbon atoms can be enumerated. The number of carbon atoms is preferably from 
6 to 30, and especially preferably from 7 to 25. These alicyclic hydrocarbon groups may have a substituent. 
[0230] Preferred examples of the alicyclic hydrocarbon group include an adamantyl group, a noradamantyl group, 
a decalin residue, a tricyclodecanyl group, atetracyclododecanyl group, a norbornyl group, acedrol group, acyclohexyl 
group, a cycloheptyl group, a cyclooctyl group, a cyclodecanyl group, and a cyclododecanyl group. Of these, an ada- 
mantyl group, a decalin residue, a norbornyl group, a cedrol group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl 
group, a cyclodecanyl group, and a cyclododecanyl group are more preferable. 

[0231] The alicyclic hydrocarbon group may further have a substituent. Examples of the substituent of the alicyclic 
hydrocarbon group include an alkyl group, a halogen atom, a hydroxyl group, an alkoxy group, a carboxyl group, and 
an alkoxycarbonyl group. As the alkyl group, lower alkyl groups such as a methyl group, an ethyl group, a propyl group, 
an isopropyl group, and a butyl group are preferable. More preferably, the alkyl group is selected from the group con- 
sisting of a methyl group, an ethyl group, a propyl group, and an isopropyl group. As the alkoxy group, those having 
from 1 to 4 carbon atoms, such as a methoxy group, an ethoxy group, a propoxy group, and a butoxy group can be 
enumerated. The foregoing alkyl group, alkoxy group and alkoxycarbonyl group may further have a substituent. Ex- 
amples of the substituent which the alkyl group, the alkoxy group, or the alkoxycarbonyl group may have include a 
hydroxyl group, a halogen atom, and an alkoxy group. 

[0232] The structures represented by the general formulae (pi) to (pVI) in the foregoing resin can be used for pro- 
tecting an alkali-soluble group. As the alkali-soluble group, various groups known in this technical field are enumerated. 
[0233] Specifically, a carboxylic group, a sulfonic group, a phenol group, and a thio group are enumerated. Of these, 
a carboxylic group and a sulfonic group are preferable. 

[0234] As the alkali-soluble group protected by any one of the structures represented by the general formulae (pi) 
to (pVI) in the foregoing resin, structures resulting from substitution of a hydrogen atom of a carboxyl group with any 
one of the structures of the general formulae (pi) to (pVI) are preferably enumerated. 

[0235] As a repeating unit having an alkali-soluble group protected by any one of the structures represented by the 
general formulae (pi) to (pVI), a repeating unit represented by the following general formula (pA) is preferable. 



[0236] Here, R represents a hydrogen atom, a halogen atom, or a linear or branched alkyl group having from 1 to 4 
carbon atoms. Plural R may be the same or different. 

[0237] A represents a single group or a combination of two or more groups selected from the group consisting of a 
single bond, an alkylene group, an ether group, a thioether group, a carbonyl group, an ester group, an amide group, 
a sulfonamide group, a urethane group, and a urea group. 
[0238] Ra represents any one group of the foregoing formulae (pi) to (pVI). 

[0239] The repeating unit represented by the general formula (pA) is most preferably a repeating unit by a 2-alkyl- 
2-adamantyl (meth) acrylate or a dialkyl (1 -adamantyl) methyl (meth)acrylate. 

[0240] Specific examples of the repeating unit represented by the general formula (pA) will be given below. (Rx 
represents H, CH 3 or CF 3 ) 



R 
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[0241] In the foregoing general formula (ll-AB) , R^' and R 12 ' each independently represents a hydrogen atom, a 
cyano group, a halogen atom, or an alkyl group. 
15 [0242] Z represents an atomic group for forming an alicyclic structure, which contains bonded two carbon atoms 
(C-C). 

[0243] Examples of the halogen atom in the foregoing R^' and R 12 ' include a chlorine atom, a bromine atom, a 
fluorine atom, and an iodine atom. 

[0244] As the alkyl group in the foregoing R^' and R 12 ', a linear or branched alkyl group having from 1 to 1 0 carbon 
20 atoms is preferable; a linear or branched alkyl group having from 1 to 6 carbon atoms is more preferable; and a methyl 
group, an ethyl group, a propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a sec-butyl group, and 
a t-butyl group are further preferable. 

[0245] Examples of a substituent which the foregoing alkyl group may further have include a hydroxyl group, a hal- 
ogen atom, a carboxyl group, an alkoxy group, an acyl group, a cyano group, and an acyloxy group. Examples of the 
25 halogen atom include a chlorine atom, a bromine atom, a fluorine atom, and an iodine group. Examples of the alkoxy 
group include one having from 1 to 4 carbon atoms, such as a methoxy group, an ethoxy group, a propoxy group, and 
abutoxy group. Examples of the acyl group include aformyl group and an acetyl group. Examples of the acyloxy group 
include an acetoxy group. 

[0246] The atomic group forforming the alicyclic structure of theforegoing Z' is an atomic group of forming a repeating 
30 unit of an optionally substituted alicyclic hydrocarbon in the resin. Above all, an atomic group for forming a bridged 
alicyclic structure of forming a repeating unit of a bridged alicyclic hydrocarbon is preferable. 
[0247] As a skeleton of the alicyclic hydrocarbon to be formed, the same alicyclic hydrocarbon groups as in R^ to 
R 25 in the general formulae (pi) to (pVI) are enumerated. 

[0248] The foregoing alicyclic hydrocarbon skeleton may have a substituent. As the substituent, R 13 ' to R 16 ' in the 
35 foregoing general formula (ll-A) or (ll-B) can be enumerated. 

[0249] Of theforegoing repeating units having a bridged alicyclic hydrocarbon, the repeating unit represented by the 
foregoing general formula (ll-A) or (ll-B) is further preferable. 

[0250] In the alicyclic hydrocarbon based acid decomposable resin according to the invention, the acid decomposable 
group may be contained in the foregoing -C(=0)-X-A'-R 17 ' or may be contained as a substituent of Z' of the general 
40 formula (ll-AB). 

[0251] The structure of the acid decomposable group is represented by -C(=O)-X r R 0 . 

[0252] In the formula, examples of R 0 include a tertiary alkyl group such as a t-butyl group and a t-amyl group, a 
1-alkoxyethyl group such as an isoboronyl group, a 1-ethoxyethyl group, a 1-butoxyethyl group, a 1-isobutoxyethyl 
group, and a 1-cyclohexyloxyethyl group, an alkoxymethyl group such as a 1-methoxymethyl group and a 1-ethoxyme- 
45 thyl group, a 3-oxoalkyl group, a tetrahydropyranyl group, a tetrahydrofuranyl group, atrialkylsilyl ester group, a 3-ox- 
ocyclohexyl ester group, a 2-methyl-2-adamantyl group, and a mevalonic lactone residue. X-^ is synonymous with the 
foregoing X. 

[0253] Examples of the halogen atom in the foregoing R 13 ' to R 16 ' include a chlorine atom, a bromine atom, a fluorine 
atom, and an iodine atom. 

so [0254] The alkyl group in the foregoing R 13 ' to R 16 ', R 5 , R 6 , and R 21 ' to R 30 ' is preferably a linear or branched alkyl 
group having from 1 to 10 carbon atoms, more preferably a linear or branched alkyl group having from 1 to 6 carbon 
atoms, and further preferably a methyl group, an ethyl group, a propyl group, an isopropyl group, an n-butyl group, an 
isobutyl group, a sec-butyl group, or a t-butyl group. 

[0255] Examples of the alicyclic hydrocarbon group in the foregoing R 13 ' to R 16 ', R 5 , and R 6 include an alicyclic alkyl 
55 group and a bridged hydrocarbon, for example, a cyclopropyl group, a cyclopentyl group, a cyclohexyl group, an ad- 
amantly group, a2-methyl-2-adamntyl group, a norbornyl group, aboronyl group, an isoboronyl group, atricyclodecanyl 
group, a dicyclopentenyl group, a norborane epoxy group, a mentyl group, an isomentyl group, a neomentyl group, 
and a tetracyclododecanyl group. 
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[0256] Examples of the ring which at least two of the foregoing R 13 ' to R 16 ' are taken together to form include a ring 
having from 5 to 12 carbon atoms, such as cyclopentene, cyclohexene, cycloheptane, and cyclooctane. 
[0257] Examples of the alkoxy group in the foregoing R 17 ' include one having from 1 to 4 carbon atoms, such as a 
methoxy group, an ethoxy group, a propoxy group, and a butoxy group. 

[0258] Examples of a substituent which the foregoing alkyl group, alicyclic hydrocarbon group or alkoxy group may 
further have include a hydroxyl group, a halogen atom, a carboxyl group, an alkoxy group, an acyl group, a cyano 
group, an acyloxy group, an alkyl group, and an alicyclic hydrocarbon group. Examples of the halogen atom include a 
chlorine atom, a bromine atom, a fluorine atom, and an iodine atom. Examples of the alkoxy group include one having 
from 1 to 4 carbon atoms, such as a methoxy group, an ethoxy group, a propoxy group, and a butoxy group. Examples 
of the acyl group include a formyl group and an acetyl group. Examples of the acyloxy group include an acetoxy group. 
[0259] Also, as the alkyl group and the cyclic hydrocarbon group, those enumerated above are enumerated. 
[0260] The divalent connecting group of the foregoing A' is one member or a combination of two or more members 
selected from the group consisting of an alkylene group, an ether group, a thioether group, a carbonyl group, an ester 
group, an amide group, a sulfonamide group, a urethane group, and a urea group. 

[0261] In the alicyclic hydrocarbon based acid decomposable resin according to the invention, the group capable of 
being decomposed by the action of an acid can contain at least one repeating unit of a repeating unit having a partial 
structure containing the alicyclic hydrocarbon represented by any one of the foregoing general formulae (pi) to (pVI), 
a repeating unit represented by the general formula (ll-AB), and a repeating unit of copolymerization component de- 
scribed later. 

[0262] The respective substituent of R 13 ' to R 16 ' in the foregoing general formula (ll-A) or general formula (ll-B) will 
each become a substituent of the atomic group for forming the alicyclic structure or the atomic group Z for forming the 
bridged alicyclic structure in the foregoing general formula (ll-AB). 

[0263] Specific examples of the repeating unit represented by the foregoing general formula (ll-A) or general formula 
(ll-B) will be given below, but it should not be construed that the invention is limited to these specific examples. 




[IM] 



pi-2] 



[IT-3] 



[TT-4] 



pr-5] 




rji-6] 



m-7] 



rn-8] 



rn-9] 



[U-10] 
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[0264] The alicyclic hydrocarbon based acid decomposable resin of the invention preferably has a lactone group, 
and more preferably a repeating unit having a group having a lactone structure represented by the following general 
formula (Lc) or any one of the following general formulae (V-1) to (V-5) The group having a lactone structure may be 
bonded directly to the principal chain. 





[0265] In the general formula (Lc), Ra-,, Rb^ Rc^ Rd^ and Re^ each independently represents a hydrogen atom or 
an alkyl group; m and n each independently represents an integer of from 0 to 3; and (m + n) is from 2 to 6. 
[0266] In the general formulae (V-1) to (V-5), R 1b to R 5b each independently represents a hydrogen atom, an alkyl 
group, acycloalkyl group, an alkoxy group, an alkoxycarbonyl group, an alkylsulfonylimino group, or an alkenyl group, 
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and two of R 1b to R 5b may be taken together to form a ring. 

[0267] As the alkyl group of Ra-, to Re : in the general formula (Lc) and the alkyl group in the alkyl group, alkoxy 
group, alkoxycarbonyl group and alkylsulfonylimino group of R 1b to R 5b in the general formulae (V-1) to (V-5), an 
optionally substituted linear or branched alkyl group is enumerated. 

[0268] Examples of the repeating unit having a group having the lactone structure represented by the general formula 
(Lc) or any one of the general formulae (V-1 ) to (V-5) include a group in which at least one of R 13 ' to R 16 ' in the foregoing 
general formula (ll-A) or (ll-B) is represented by the general formula (Lc) or any one of the general formulae (V-1) to 
(V-5) (for example, a group in which R 5 of -COOR 5 is represented by the general formula (Lc) or any one of the general 
formulae (V-1) to (V-5)) and a repeating unit represented by the following general formula (Al). 



-f-CH 2 -C-)- (AT) 
0=0 

? 

A'— B 2 



[0269] In the general formula (Al), R b0 represents a hydrogen atom, a halogen atom, or an alkyl group having from 
1 to 4 carbon atoms. 

[0270] Examples of the halogen atom of R b0 include a fluorine atom, a chlorine atom, a bromine atom, and an iodine 
atom. R b0 is preferably a hydrogen atom. 

[0271] A' represents a single bond, an ether group, an ester group, a carbonyl group, an alkylene group, or a divalent 
group comprising a combination of these groups. 

[0272] B 2 represents a group represented by the generalformula (Lc) or any one of the general formulae (V-1 ) to (V-5). 
[0273] Specific examples of the repeating unit having a group having the lactone structure will be given below, but 
it should not be construed that the invention is limited thereto. 
(Rx represents H, CH 3 or CF 3 ) 




-fCH 2 -C— )- 
9=0 



-+cn 2 -cH- 

0=0 



■fcH 2 -c— y- 

G=0 
0 

cr 



-f-CH 2 -C— )- 
C=0 



ir 
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[0275] In the general formula (VII), R 2c to R 4c each independently represents a hydrogen atom or a hydroxyl group, 
with proviso that at least one of R 2c to R 4c represents a hydroxyl group. 

[0276] The group represented by the general formula (VII) is preferably a dihydroxy body or a monohydroxy body, 
and more preferably a dihydroxy body. 

[0277] Examples of the repeating unit having the group represented by the general formula (VII) include one having 
a group in which at least one of R 13 ' to R 16 ' in the foregoing general formula (ll-A) or (II- B) is represented by the 
foregoing general formula (VII) (for example, a group in which R 5 of -COOR 5 is represented by the general formula 
(VII)) and a repeating unit represented by the following general formula (All). 



-(-CH 2 -C-)- 

c=o 

I 

o 



R 2c 




(All) 



R 4c 



[0278] In the general formula (All), R 1c represents a hydrogen atom or a methyl group. 

[0279] R 2c to R 4c each independently represents a hydrogen atom or a hydroxyl group, with proviso that at least one 
of R 2c to R 4c represents a hydroxyl group. It is preferable that two of R 2c to R 4c represent a hydroxyl group. 
[0280] Specific examples of the repeating unit having the structure represented by the general formula (All) will be 
given below, but it should not be construed that the invention is limited thereto. 



OH 
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| ' ; OH CH 3 

o 

[0281] The alicyclic hydrocarbon based acid decomposable resin of the invention may contain a repeating unit rep- 
resented by the following general formula (VIII). 



— CH-CH— 




(VIII) 



[0282] In the foregoing general formula (VIII), Z 2 represents -O- or -N(R 41 )-; R 41 represents a hydrogen atom, a 
hydroxyl group, an alkyl group, or -OS0 2 -R 42 ; and R 42 represents an alkyl group, a cycloalkyl group, or a camphor 
residue. The alkyl group as R 41 and R 42 may be substituted with a halogen atom (preferably, a fluorine atom). 
[0283] Specific examples of the repeating unit represented by the foregoing general formula (VI 1 1) will be given below, 
but it should not be construed that the invention is limited thereto. 




-fCH-<fH}- 

o-so 2 — ^y* 

0 



[0284] In addition to the foregoing repeating structural units, the alicyclic hydrocarbon based acid decomposable 
resin of the invention can contain various repeating structural units for the purpose of adjusting the dry etching resist- 
ance, standard developer adaptability, adhesion to a substrate, resist profile, and additional characteristics, such as 
resolving power, heat resistance, and sensitivity, that are generally required in resists. 

[0285] As such repeating structural units, repeating structural units corresponding to the following monomers can 
be enumerated. However, it should not be construed that the invention is limited thereto. 

[0286] In this way, it becomes possible to finely control performances required for the alicyclic hydrocarbon based 
acid decomposable resin, especially the following performances. 

(1) Dissolution in a coating solvent 

(2) Film forming property (glass transition point) 

(3) Alkali developability 

(4) Wear of film (hydrophilic/hydrophobic property and selection of alkali-soluble group) 



-(CH-CH)- _(cH-Ctt}- 



I 

O-S0 2 — CF 
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(5) Adhesion to a substrate in the unexposed area 

(6) Dry etching resistance 

[0287] Examples of such monomers include compounds having one addition polymerizable unsaturated bond se- 
5 lected from acrylic esters, methacrylic esters, acrylamides, methacrylamides, allyl compounds, vinyl ethers, and vinyl 
esters. 

[0288] Besides, the monomers may be copolymerized so far as they are an addition polymerizable unsaturated 
compound copolymerizable with monomers corresponding the foregoing various repeating structural units. 
[0289] In the alicyclic hydrocarbon based acid decomposable resin, the molar ratio of the respective repeating struc- 
10 tural units to be contained is adequately set up for the purpose of adjusting the dry etching resistance of a resist, 
standard developer adaptability, adhesion to a substrate, resist profile, and additional characteristics such as resolving 
power, heat resistance, and sensitivity that are generally required in resists. 

[0290] Preferred embodiments of the alicyclic hydrocarbon based acid decomposable resin of the invention are as 
follows. 

15 

(1) One containing a repeating unit having a partial structure containing an alicyclic hydrocarbon represented by 
any one of the foregoing general formulae (pi) to (pVI) (side chain type). 

(2) One having a repeating unit represented by the general formula (ll-AB) (principal chain type). However, in (2), 
the following is further enumerated. 

20 (3) One having a repeating unit represented by the general formula (ll-AB), a maleic anhydride derivative, and a 

(meth)-acrylate structure (hybrid type). 

[0291] In the alicyclic hydrocarbon based acid decomposable resin, the content of the acid decomposable group- 
containing repeating unit is preferably from 1 0 to 60 % by mole, more preferably from 20 to 50 % by mole, and further 

25 preferably from 25 to 40 % by mole in the whole of the repeating structural units. 

[0292] In the alicyclic hydrocarbon based acid decomposable resin, the content of the repeating unit having a partial 
structure containing the alicyclic hydrocarbon represented by any one of the general formulae (pi) to (pVI) is preferably 
from 30 to 70 % by mole, more preferably from 35 to 65 % by mole, and further preferably from 40 to 60 % by mole in 
the whole of the repeating structural units. 

30 [0293] In the alicyclic hydrocarbon based acid decomposable resin, the content of the repeating unit represented by 
the general formula (ll-AB) is preferably from 10 to 60% by mole, more preferably from 15 to 55% by mole, and further 
preferably from 20 to 50 % by mole in the whole of the repeating structural units. 

[0294] Also, the content of the repeating structural unit based on the foregoing additional copolymerization compo- 
nent monomer in the resin can be adequately set up depending upon the desired performance of the resist. In general, 
35 it is preferably not more than 99 % by mole, more preferably not more than 90 % by mole, and further preferably not 
more than 80 % by mole based on the total molar number of the repeating structural unit having a partial structure 
containing the alicyclic hydrocarbon represented by any one of the foregoing general formulae (pi) to (pVI) and the 
repeating unit represented by the foregoing general formula (ll-AB). 

[0295] When the composition of the invention is used for ArF exposure, it is preferable in view of the transparency 

40 to ArF light that the resin does not have an aromatic group. 

[0296] The alicyclic hydrocarbon based acid decomposable resin to be used in the invention can be synthesized by 
the customary method (for example, radical polymerization). For example, as a general synthesis method, monomer 
seeds are charged in a reactor collectively or on the way of reaction; if desired, the monomers are dissolved in a 
reaction solvent such as ethers (for example, tetrahydrofuran, 1 ,4-dioxane, and diisopropyl ether), ketones (for exam- 

45 pie, methyl ethyl ketone and methyl isobutyl ketone), and ester solvents (for example, ethyl acetate) and a solvent 
capable of dissolving the composition of the invention as described later (for example, propylene glycol monomethyl 
ether acetate) to form a uniform solution; and the solution is then initiated to polymerize using a commercially available 
radical initiator (for example, azo based initiators and peroxides) in an inert gas atmosphere such as nitrogen and 
argon upon heating as the need arises. If desired, the initiator is supplemented or added dividedly. After completion 

so of the reaction, the reaction mixture is thrown into a solvent, and the desired polymer is recovered by a powder or solid 
recovery method. The reaction concentration is 20 % by weight or more, preferably 30 % by weight or more, and more 
preferably 40 % by weight or more. The reaction temperature is from 10 °C to 150 °C, preferably from 30 °C to 120 
°C, and more preferably from 50 to 1 00 °C. 

[0297] (Baa) Resin having at least one repeating unit selected from a repeating unit represented by the following 
55 general formula (1), a repeating unit represented by the following general formula (2), and a repeating unit represented 
by the following general formula (3), the solubility of which in an alkaline developer increases by the action of an acid: 
[0298] It is preferable that the alicyclic hydrocarbon based acid decomposable resin is a resin having at least one 
repeating unit selected from a repeating unit represented by the following general formula (1), a repeating unit repre- 
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sented by the following general formula (2), and a repeating unit represented by the following general formula (3), the 
solubility of which in an alkaline developer increases by the action of an acid (this resin will be hereinafter sometimes 
referred to as "alicyclic hydrocarbon based acid decomposable resin (Baa)"). 

[0299] It is preferable that the alicyclic hydrocarbon based acid decomposable resin (Baa) has at least one repeating 
unit selected from a repeating unit represented by the general formula (1), a repeating unit represented by the general 
formula (2), and a repeating unit represented by the general formula (3). 

[0300] It is more preferable that the alicyclic hydrocarbon based acid decomposable resin (Baa) has a repeating unit 
represented by the general formula (1), a repeating unit represented by the general formula (2), and a repeating unit 
represented by the general formula (3). 

[0301] By using the alicyclic hydrocarbon based acid decomposable resin (Baa), the positive photosensitive com- 
position of the invention can ensure a wide process window in the isolated line and dense pattern. 




A 

I 

0=C 



(1) 



O-ALG 



[0302] In the general formula (1), R represents a hydrogen atom or a methyl group. 
[0303] A represents a single bond or a connecting group. 

[0304] ALG represents a group represented by any one of the following general formulae (pi) to (pV). 



R11 



.c 



(pi) 




(pll) 



C R 13 



R-15 



o 



(pill) 



-CH-R 16 
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— C 




R20 



( P IV) 



R21 



R 22 R 23 o 

C CH C R24 



(PV) 



[0305] In the general formulae (pi) to (pV), represents a methyl group, an ethyl group, an n-propyl group, an 
isopropyl group, an n-butyl group, an isobutyl group, or a sec-butyl group. 

[0306] Z represents an atomic group necessary for forming an alicyclic hydrocarbon group together with a carbon 
atom. 

[0307] R 12 to R 16 each independently represents a linear or branched alkyl group having from 1 to 4 carbon atom 
or an alicyclic hydrocarbon group, with proviso that at least one of R 12 to R 14 and any one of R 15 and R 16 represents 
an alicyclic hydrocarbon group. 

[0308] R 17 to R 2 i each independently represents a hydrogen atom, a linear or branched alkyl group having from 1 
to 4 carbon atoms or an alicyclic hydrocarbon group, with proviso that at least one of R 17 to R 2 i represents an alicyclic 
hydrocarbon group and that any one of R 19 and R 21 represents a linear or branched alkyl group having from 1 to 4 
carbon atoms or an alicyclic hydrocarbon group. 

[0309] R 22 to R 25 each independently represents a hydrogen atom, a linear or branched alkyl group having from 1 
to 4 carbon atoms or an alicyclic hydrocarbon group, with proviso that at least one of R 22 to R 25 represents an alicyclic 
hydrocarbon group and that R 23 and R 24 may be taken together to form a ring. 



[0310] In the general formula (2), R 1a represents a hydrogen atom or a methyl group. 

[0311] represents a single bond, or a single group or a combination of two or more groups selected from the 
group consisting of an alkylene group, an ether group, a thioether group, a carbonyl group, and an ester group. 
[0312] Lc represents a lactone residue represented by any one of the following general formulae (IV), (V-1) to (V-6) 
and (VI). 



[0313] In the general formula (IV), R a1 , R b1 , R c1 , R d1 , and R e1 each independently represents a hydrogen atom or 




(2) 



COO-W-Lc 




(IV) 
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an alkyl group having from 1 to 4 carbon atoms. 

[0314] m and n each independently represents an integer of from 0 to 3, and (m + n) is from 2 to 6. 




(V-1) (V-2) (V-3) (V-4) 




(V-5) 



(V-6) 



[0315] In the general formulae (V-1) to (V-6), R 1b to R 5b each independently represents a hydrogen atom, an alkyl 
group, a cycloalkyl group, an alkenyl group, or COOR 6b , wherein R 6b represents an alkyl group, and two of R 1b to R 5b 
may be taken together to form a ring. 



(VI) 



Z,: -O-C- or -c-0 



r or T 



"30 

-(CH 2 -C-)- 




(3) 



[0316] In the general formula (3), R 30 represents a hydrogen atom or a methyl group. 

[0317] R 31 to R 33 each independently represents a hydrogen atom, a hydroxyl group, or an alkyl group, with proviso 
that at least one of R 31 to R 33 represents a hydroxyl group. 
[0318] First of all, the general formula (1) will be described below. 

[0319] The alicyclic hydrocarbon based acid decomposable resin (Baa) is a resin, the solubility of which in an alkaline 
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developer increases by the action of an acid (acid decomposable resin) and preferably has a repeating unit represented 
by the general formula (1), which is capable of generating a carboxyl group that is decomposed by the action of an 
acid and is an alkali-soluble group. 

[0320] In the general formula (1), R represents a hydrogen atom or a methyl group; A represents a single bond or a 
connecting group; and ALG represents a group represented by any one of the foregoing general formulae (pi) to (pV). 
[0321] The connecting group as A represents a single group or a combination of two or more groups selected from 
the group consisting of an alkylene group, an ether group, a thioether group, a carbonyl group, an ester group, an 
amide group, a sulfonamide group, a urethane group, and a urea group. As the alkylene group in the foregoing A, a 
group represented by the following formula can be enumerated. 



[0322] In the formula, R b and R c may be the same or different and each represents a hydrogen atom, an alkyl group, 
a halogen atom, a hydroxyl group, or an alkoxy group. As the alkyl group, lower alkyl groups such as a methyl group, 
an ethyl group, a propyl group, an isopropyl group, and a butyl group are preferable. More preferably, the alkyl group 
is selected from a methyl group, an ethyl group, a propyl group, and an isopropyl group. Examples of the alkoxy group 
include ones having from 1 to 4 carbon atoms, such as a methoxy group, an ethoxy group, a propoxy group, and a 
butoxy group. Examples of the halogen atom include a chlorine atom, a bromine atom, a fluorine atom, and an iodine 
atom, r represents an integer of from 1 to 10. The foregoing alkyl group and alkoxy group may have a substituent. 
Examples of the substituent which the alkyl group and the alkoxy group may have include a hydroxyl group, a halogen 
atom, and an alkoxy group (preferably, one having from 1 to 4 carbon atoms). 

[0323] In the general formulae (pi) to (pV). the alkyl group in R 12 to R 25 represents a linear or branched alkyl group 
having from 1 to 4 carbon atoms, which may be substituted or unsubstituted. Examples of the alkyl group include a 
methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a sec-butyl 
group, and a t-butyl group. 

[0324] Also, examples of a substituent which the foregoing alkyl group may further have include an alkoxy group 
having from 1 to 4 carbon atoms, a halogen atom (for example, a fluorine atom, a chlorine atom, a bromine atom, and 
an iodine atom), an acyl group, an acyloxy group, a cyano group, a hydroxyl group, a carboxy group, an alkoxycarbonyl 
group, and a nitro group. 

[0325] The alicyclic hydrocarbon group as R 12 to R 25 orthe alicyclic hydrocarbon group which Z forms together with 
the carbon atom may be monocyclic or polycyclic. Specifically, groups having a monocyclic, bicyclic, tricyclic or tetra- 
cyclic structure having 5 or more carbon atoms can be enumerated. The number of carbon atoms is preferably from 
6 to 30, and especially preferably from 7 to 25. These alicyclic hydrocarbon groups may have a substituent. 
[0326] Examples of a structure of the alicyclic moiety in the alicyclic hydrocarbon group will be given below. 



-[C(R b )(R c )] r - 




(1) 



(2) 



(3) 




(4) 



(5) 



(6) 




(7) 



(8) 
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(10) (11) (12) 
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(15) 



(IS) (17) (18) (19) 

(20) (21) < 22 > (23) 

JS ^ <^ 



(24) 



(25) (26) (27) 
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(36) (37) < 38 > (39) 



J9 i& i> 

(40) (41) (42) 



(44) (45) (46) 



o o O O 

(47) (48) (49) (50) 

[0327] In the invention, an adamantyl group, a noradamantyl group, a decalin residue, a tricyclodecanyl group, a 
tetracyclododecanyl group, a norbornyl group, a cedrol group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl 
group, a cyclodecanyl group, and a cyclododecanyl group are preferable as the foregoing alicyclic moiety. Of these, 
an adamantyl group, a decalin residue, a norbornyl group, a cedrol group, a cyclohexyl group, a cycloheptyl group, a 
cyclooctyl group, a cyclodecanyl group, a cyclododecanyl group, and a tricyclodecanyl group are more preferable. 
[0328] Examples of a substituent of these alicyclic hydrocarbon groups include an alkyl group, a halogen atom, a 
hydroxyl group, an alkoxy group, a carboxyl group, and an alkoxycarbonyl group. 

[0329] As the alkyl group, lower alkyl groups such as a methyl group, an ethyl group, a propyl group, an isopropyl 
group, and a butyl group are preferable. Of these, a methyl group, an ethyl group, a propyl group, and an isopropyl 
group are more preferable. 

[0330] As the alkoxy group, those having from 1 to 4 carbon atoms, such as a methoxy group, an ethoxy group, a 
propoxy group, and a butoxy group can be enumerated. 

[0331] The alkyl group and the alkoxy group may have a substituent. Examples of a substituent which the alkyl group 
and the alkoxy group may have include a hydroxyl group, a halogen atom, and an alkoxy group. 
[0332] Incidentally, it is especially preferable that the general formula (1) is a repeating unit wherein A represents a 
single bond, and ALG represents a group represented by the following formula from the standpoint that in observing 
the resulting profile by a scanning electron microscope, the profile stability (SEM resistance) is good. 
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R27 



[0333] R 26 and R 27 each independently represents a linear or branched alkyl group having from 1 to 4 carbon atoms. 
[0334] Specific examples of a monomer corresponding to the repeating unit represented by the general formula (1) 
will be described below. 



CH 3 CH 3 2 


H CH 3 


CH 3 (CH 2 ) 3 CH 3 4 

"Vie 


H CH(CH 3 ) 2 
U / — <~^y 


0 CH 3 


0 CH 3 


0 (CH 2 ) 3 CH 3 


0 (CH 2 ) 3 CH 3 
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[0335] Next, the general formula (2) will be described below. 
[0336] R 1a represents a hydrogen atom or a methyl group. 

[0337] represents a single bond, or a single group or a combination of two or more groups selected from the 
group consisting of an alkylene group, an ether group, a thioether group, a carbonyl group, and an ester group. Lc 
represents a lactone residue represented by any one of the foregoing general formulae (IV), (V-1) to (V-6) and (VI): 
[0338] As the alkylene group asW^a group represented by the following formula can be enumerated. 



[0339] In the foregoing formula, Rf and Rg may be the same or different and each represents a hydrogen atom, an 
alkyl group, a halogen atom, a hydroxyl group, or an alkoxy group. As the alkyl group, lower alkyl groups such as a 
methyl group, an ethyl group, a propyl group, an isopropyl group, and a butyl group are preferable. More preferably, 
the alkyl group is selected from a methyl group, an ethyl group, a propyl group, and an isopropyl group. 
[0340] Examples of the alkoxy group include ones having from 1 to 4 carbon atoms, such as a methoxy group, an 
ethoxy group, a propoxy group, and a butoxy group. 

[0341] Examples of the halogen atom include a chlorine atom, a bromine atom, a fluorine atom, and an iodine atom. 
r-| represents an integer of from 1 to 1 0. 

[0342] The foregoing alkyl group and alkoxy group may have a substituent. Examples of the substituent which the 
alkyl group and the alkoxy group may have include a hydroxyl group, a halogen atom, and an alkoxy group. 
[0343] In the general formula (IV), examples of the alkyl group having from 1 to 4 carbon atoms as R a1 to R e1 include 
a methyl group, an ethyl group, a propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a sec-butyl 
group, and a t-butyl group. 

[0344] In the general formulae (V-1) to (V-6), examples of the alkyl group as R 1b to R 5b include a linear or branched 
alkyl group, which may have a substituent. As the alkyl group as R 1b to R 5b , a linear or branched alkyl group having 
from 1 to 1 2 carbon atoms is preferable; a linear or branched alkyl group having from 1 to 1 0 carbon atoms is more 
preferable; and a methyl group, an ethyl group, a propyl group, an isopropyl group, an n-butyl group, an isobutyl group, 
a sec-butyl group, a t-butyl group, a pentyl group, a hexyl group, a heptyl group, an octyl group, a nonyl group, and a 
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decyl group are further preferable. 

[0345] R 6b in COOR 6b as R 1b to R 5b in the general formulae (V-1) to (V-6) is preferably a linear or branched alkyl 
group having from 1 to 1 2 carbon atoms; more preferably a linear or branched alkyl group having from 1 to 1 0 carbon 
atoms; and further preferably a methyl group, an ethyl group, a propyl group, an isopropyl group, an n-butyl group, an 
isobutyl group, a sec-butyl group, a t-butyl group, a pentyl group, a hexyl group, a heptyl group, an octyl group, a nonyl 
group, or a decyl group. 

[0346] As the cycloalkyl group in R 1b to R 5b , those having from 3 to 8 carbon atoms, such as a cyclopropyl group, 
a cyclopentyl group, a cyclohexyl group, a cycloheptyl group, and a cyclooctyl group, are preferable. 
[0347] As the alkenyl group in R 1b to R 5b , those having from 2 to 6 carbon atoms, such as a vinyl group, a propenyl 
group, a butenyl group, and a hexenyl group, are preferable. 

[0348] Also, as the ring which two of R 1b to R 5b are taken together to form, those having from 3 to 8 members, such 
as a cyclopropane ring, a cyclobutane ring, a cyclopentane ring, a cyclohexane ring, and a cyclooctane ring, are pref- 
erable. 

[0349] Incidentally, R 1b to R 5b in the general formulae (V-1 ) to (V-6) may be connected to any carbon atom constituting 
the ring skeleton. 

[0350] Also, examples of the substituent which the foregoing alkyl group, cycloalkyl group and alkenyl group may 
have include an alkoxy group having from 1 to 4 carbon atoms, a halogen atom (for example, afluorine atom, a chlorine 
atom, a bromine atom, and an iodine atom), an acyl group having from 2 to 5 carbon atoms, an acyloxy group having 
from 2 to 5 carbon atoms, a cyano group, a hydroxyl group, a carboxy group, an alkoxycarbonyl group having from 2 
to 5 carbon atoms, and a nitro group. 

[0351] Specific examples of the repeating unit having a group having the lactone structure represented by any one 
of the general formulae (IV), (V-1) to (V-6) and (VI) will be given below, but it should not be construed that the invention 
is limited thereto. 

[0352] First of all, specific examples of the repeating unit of the general formula (2) having the lactone structure 
represented by the general formula (IV) will be given below, but it should not be construed that the invention is limited 
thereto. 
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[0353] Next, specific examples of the repeating unit of the general formula (2) having the lactone structure repre- 
sented by any one of the general formulae (V-1) to (V-6) will be given below, but it should not be construed that the 
invention is limited thereto. 



CH 3 



-fCH 2 -C-}- 



CH 3 
-fCH 2 -C^- 




0 H 3 c' 



60 



EP 1 517 179 A1 




CH 3 

L CH 2 -C-, 

C— 0 

O 



-(■CH 2 -C-)- 



-fcH 2 -C-}- 



,c— o. 




-(CH 2 -C-)- 



y c— o 

H 3 C 



CH 3 
-(-CH 2 -C^)- 



X— O. 



CH 3 
-(-CH 2 -C-)- 




H 3 C 



61 



EP 1 517 179 A1 



CH 3 



-f-CH 2 -C-)- -{-CH 2 -C-}- 



CH 3 

-fCH 2 -C^- 
X— 0 



H 3 C 



CH 3 



-f-CH a -C- 



H 3 C 
H 3 C 



-(CH 2 -C-)- 




-(CH 2 -C-)- 



0 H 3 C 
H 3 C 



EP 1 517 179 A1 



CH 3 

-(-CH 2 -Cj-)- 

,C— 0. 



H 3 C 



CH 3 



-fCH 2 - C> ^- 



H 3 cA 



CH 3 
-fCH 2 -C-)- 



H3C <U 0 



o' 



CH 3 
-{■CH 2 -C^- 



\ 




63 



EP 1 517 179 A1 



CH 3 

,C-0 ( 
0 (CH 2 ) 2 -C x 



CH 3 
-(CH 2 -C^- 

° (CH 2 ) 2 -C 




CH 3 
-(CH 2 -C^- 

,c-o 



(CH 2 ) 2 -C s 




(CH 2 ) 2 -C 



CH 3 
-(CH 2 -C^- 

.c-o 



(CH 2 ) 2 -O x 



C-(CH 2 ) 2 -C^ 



64 



EP 1 517 179 A1 



CH 3 

-(-CH 2 -C^- 



CH 3 

-(-CH 2 -C^-)- 



C ~°\ 

,C— C CH s 

o— 



H 3 C 



CH 3 



CH 3 
-fOH 2 -C^- 



H 3 C 



CH 3 
-(-CH 2 -C^)- 

n V 



;c-c 9 H s 

H 3 C 



CH 3 
-(-CH 2 -C-^- 



\-o 0 



,c-c. 



H 3 C 



CH 3 



-fCH 2 -C-)- 



,c-c. 

CH 3 



CH 3 



CH 3 



-(CH 2 -C-)- 

0 (CH 2 ) 2 -C N 



CH 3 
-{CHa-C^-l- 



(CH 2 ) 2 -C N 



65 



EP 1 517 179 A1 



[0354] Specific examples of the repeating unit of the general formula (2) having the lactone structure represented 
by the general formula (VI) will be given below. 





[0355] Next, the repeating unit represented by the general formula (3) will be described below. 
[0356] In the general formula (3) , R 30 represents a hydrogen atom or a methyl group. 

[0357] R 31 to R 33 each independently represents a hydrogen atom, a hydroxyl group, or an alkyl group, with proviso 
that at least one of R 31 to R 33 represents a hydroxyl group. 

[0358] As the alkyl group of R 31 to R 33 , an alkyl group having from 1 to 5 carbon atoms is preferable, and examples 
thereof include a methyl group, an ethyl group, a propyl group, an isopropyl group, an n-butyl group, an isobutyl group, 
a sec-butyl group, and at-butyl group. 

[0359] In the repeating unit represented by the general formula (3), it is preferable that one or two of R 31 to R 33 
represent a hydroxyl group, and it is especially preferable that two of R 31 to R 33 represent a hydroxyl group. 
[0360] Specific examples of the repeating unit represented by the general formula (3) will be given below, but it 
should not be construed that the invention is limited thereto. 
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[0361] In addition to the foregoing repeating structural units, the alicyclic hydrocarbon based acid decomposable 
resin (Baa) can contain various repeating structural units for the purpose of adjusting the dry etching resistance, stand- 
ard developer adaptability, adhesion to a substrate, resist profile, and additional characteristics such as resolving power, 
heat resistance, and sensitivity that are generally required in resists. 

[0362] As such repeating structural units, repeating structural units corresponding to the following monomers can 
be enumerated, but it should not be construed that the invention is limited thereto. 

[0363] In this way, it becomes possible to finely control performances required for the resin, especially the following 
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performances. 

(1) Dissolution in a coating solvent 

(2) Film forming property (glass transition point) 
5 (3) Alkali developability 

(4) Wear of film (hydrophilic/hydrophobic property and selection of alkali-soluble group) 

(5) Adhesion to a substrate in the unexposed area 

(6) Dry etching resistance 

10 [0364] Examples of such monomers include compounds having one addition polymerizable unsaturated bond se- 
lected from acrylic esters, methacrylic esters, acrylamides, methacrylamides, allyl compounds, vinyl ethers, and vinyl 
esters. 

[0365] Besides, the monomers may be copolymerized so far as they are an addition polymerizable unsaturated 
compound copolymerizable with monomers corresponding the foregoing various repeating structural units. 
15 [0366] In the alicyclic hydrocarbon based acid decomposable resin (Baa), the molar ratio of the respective repeating 
structural units to be contained is adequately set up forthe purpose of adjusting the dry etching resistance of a resist, 
standard developer adaptability, adhesion to a substrate, resist profile, and additional characteristics, such as resolving 
power, heat resistance, and sensitivity that are generally required in resists. 

[0367] In the alicyclic hydrocarbon based acid decomposable resin (Baa) , the content of the repeating unit repre- 
20 sented by the general formula (1 ) is preferably from 0 to 60 % by mole, more preferably from 20 to 55 % by mole, and 
further preferably from 25 to 50 % by mole in the whole of the repeating structural units. 

[0368] The content of the repeating unit of the general formula (2) is preferably from 0 to 70 % by mole, more pref- 
erably from 20 to 65 % by mole, and further preferably from 25 to 60 % by mole in the whole of the repeating structural 
units. 

25 [0369] The content of the repeating unit of the general formula (3) is preferably from 0 to 50 % by mole, more pref- 
erably from 1 5 to 45 % by mole, and further preferably from 20 to 40 % by mole in the whole of the repeating structural 
units. 

[0370] Also, the content of the repeating structural unit based on the foregoing additional copolymerization compo- 
nent monomer in the resin can be adequately set up depending upon the desired performance of the resist, In general, 
30 it is preferably not more than 50 % by mole, more preferably not more than 40 % by mole, and further preferably not 
more than 30 % by mole based on the total molar number of the general formulae (1) to (3). 

[0371] When the composition of the invention is used for ArF exposure, it is preferable in view of the transparency 
to ArF light that the alicyclic hydrocarbon based acid decomposable resin (Baa) does not have an aromatic group. 
[0372] The alicyclic hydrocarbon based acid decomposable resin (Baa) can be synthesized by the customary method 

35 (for example, radical polymerization). For example, as a general synthesis method, monomer seeds are charged in a 
reactor collectively or on the way of reaction; if desired, the monomers are dissolved in a reaction solvent such as 
cyclic ethers (for example, tetrahydrofuran and 1 ,4-dioxane) ; ketones (for example, methyl ethyl ketone, methyl isobutyl 
ketone, and cyclohexanone), and a solvent capable of dissolving the composition of the invention as described later 
(for example, propylene glycol monomethyl ether acetate and propylene glycol monomethyl ether) to form a uniform 

40 solution; and the solution is then initiated to polymerize using a commercially available radical initiator (for example, 
azo based initiators and peroxides) in an inert gas atmosphere such as nitrogen and argon upon heating as the need 
arises. If desired, the initiator is supplemented or added dividedly. Aftercompletion of the reaction, the reaction mixture 
is thrown into a solvent, and the desired polymer is recovered by a powder or solid recovery method. The reaction 
concentration is 10 % by weight or more, preferably 15 % by weight or more, and more preferably 20 % by weight or 

45 more. The reaction temperature is from 10 °C to 150 = C, preferably from 30 °C to 120 °C, and more preferably from 
50 to 110°C. 

[0373] The repeating structural units represented by the foregoing specific examples may be used singly or in ad- 
mixture for every repeating structural unit. 

[0374] Also, in the invention, the alicyclic hydrocarbon based acid decomposable resin (Baa) may be used singly or 
so in admixture. 

[0375] In the case where the composition of the invention is used an upper layer resist of a multilayered resist, it is 
preferable that the resin as the component (B) has a silicon atom. 

[0376] As the resin having a silicon atom, the solubility of which in an alkaline developer increases by the action of 
an acid, any resin having a silicon atom in at least one of the principal chain and the side chain can be used. Examples 
55 of a resin having a siloxane structure in the side chain thereof include copolymers of an olefin based monomer having 
a silicon atom in the side chain, maleic anhydride and a (meth)acrylic acid based monomer having an acid decompos- 
able group in the side chain. 

[0377] In the case where the positive photosensitive composition of the invention is irradiated with an F 2 excimer 
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laser, the resin as the component (B) is preferably a resin having a structure in which a fluorine atom is substituted in 
the principal chain and/or the side chain of the polymer skeleton, which is decomposed by the action of an acid, whereby 
its solubility in an alkaline developer increases (this resin will be hereinafter sometimes referred to as "fluorine-con- 
taining resin"); more preferably a resin containing a hydroxyl group substituted with a fluorine atom or a fluoroalkyl 
group at the 1 -position or an acid decomposable group-protected hydroxyl group substituted with a fluorine atom or a 
fluoroalkyl group at the 1 -position; and most preferably a resin containing a hexafluoro-2-propanol structure or a struc- 
ture in which the hydroxyl group of hexafluoro-2-propanol is protected by an acid decomposable group. By introducing 
a fluorine atom, it is possible to enhance the transparency to far ultraviolet light, especially F 2 (157 nm) light. 
[0378] As the fluorine group-containing resin in the acid decomposable resin (B), resins having at least one of re- 
peating units represented by the following general formulae (FA) to (FG) can be enumerated. 




[0379] In the foregoing general formulae, R 100 to R 103 each represents a hydrogen atom, a fluorine atom, an alkyl 
group, a cycloalkyl group, an aryl group, an aralkyl group, an alkenyl group, an acyl group, an acyloxy group, or an 
alkynyl group. 

[0380] R 104 and R 106 each represents a hydrogen atom, a fluorine atom, or an alkyl group; and at least one of R 104 
and R 106 represents a fluorine atom or a fluoroalkyl group. It is preferable that both of R 104 and R 106 represent a 
trifluoromethyl group. 

[0381] R 105 represents a hydrogen atom, an alkyl group, an acyl group, an alkoxycarbonyl group, or a group capable 
of being decomposed by the action of an acid. 

[0382] A 1 represents a single bond, a divalent connecting group (for example, an alkylene group, a cycloalkylene 
group, an alkenylene group, an arylene group, -OCO-, -COO-, and -CON(R 24 )-), or a connecting group containing the 
plural number of these groups. R 24 represents a hydrogen atom or an alkyl group. 

[0383] R 107 and R 108 each represents a hydrogen atom, a halogen atom, an alkyl group, an alkoxy group, an alkox- 
ycarbonyl group, or a group capable of being decomposed by the action of an acid. 

[0384] R 109 represents a hydrogen atom, an alkyl group, or a group capable of being decomposed by the action of 
an acid. 

[0385] bis 0,1 or 2. 

[0386] Each of the repeating units represented by the general formulae (FA) to (FG) contains at least one fluorine 
atom, and preferably three or more fluorine atoms per repeating unit. 

[0387] In the foregoing general formulae (FA) to (FG), examples of the alkyl group include an alkyl group having 
from 1 to 8 carbon atoms, and specifically, a methyl group, an ethyl group, a propyl group, an n-butyl group, a sec- 
butyl group, a hexyl group, a 2-ethylhexyl group, and an octyl group can be preferably enumerated. 
[0388] The cycloalkyl group may be monocyclic or polycyclic. The monocyclic type is one having from 3 to 8 carbon 
atoms, and examples thereof include a cyclopropyl group.acyclopentyl group, acyclohexyl group, acycloheptyl group, 



EP 1 517 179 A1 



and a cyclooctyl group. The polycyclic type is one having from 6 to 20 carbon atoms, and examples thereof include an 
adamantly group, a norbornyl group, an isoboronyl group, a camphanyl group, a dicyclopentyl group, an a-pinel group, 
a tricyclodecanyl group, a tetracyclodecyl group, and an androstanyl group. However, the carbon atom in the foregoing 
monocyclic or polycyclic cycloalkyl group may be substituted with a hetero atom such as an oxygen atom. 

5 [0389] Examples of the fluoroalkyl group include one having from 1 to 12 carbon atoms, and specifically, a trifluor- 
omethyl group, a perfluoroethyl group, a perfluoropropyl group, a perfluorobutyl group, a perfluorohexyl group, a per- 
fluorooctyl group, a perfluorooctylethyl group, and a perfluorododecyl group can be preferably enumerated. 
[0390] Examples of the aryl group include an aryl group having from 6 to 15 carbon atoms, and specifically, a phenyl 
group, a tolyl group, a dimethylphenyl group, a 2,4,6-trimethyl phenyl group, a naphthyl group, an anthryl group, and 

10 a 9,10-dimethoxyanthryl group can be preferably enumerated. 

[0391] Examples of the aralkyl group Include an aralkyl group having from 7 to 12 carbon atoms, and specifically, a 
benzyl group, a phenethyl group, and a naphthylmethyl group can be preferably enumerated. 
[0392] Examples of the alkenyl group include an alkenyl group having from 2 to 8 carbon atoms, and specifically, a 
vinyl group, an allyl group, a butenyl group, and a cyclohexenyl group can be preferably enumerated. 

15 [0393] Examples of the alkoxy group include an alkoxy group having from 1 to 8 carbon atoms, and specifically, a 
methoxy group, an ethoxy group, an n-propoxy group, an isopropoxy group, a butoxy group, a pentoxy group, an 
allyoxy group, and an octoxy group can be preferably enumerated. 

[0394] Examples of the acyl group include an acyl group having from 1 to 1 0 carbon atoms, and specifically, a formyl 
group, an acetyl group, a propanoyl group, a butanoyl group, a pivaloyl group, an octanoyl group, and a benzoyl group 
20 can be preferably enumerated. 

[0395] As the acyloxy group, an acyloxy group having from 2 to 12 carbon atoms is preferable, and examples thereof 
include an acetoxy group, a propionyloxy group, and a benzoyloxy group. 

[0396] As the alkynyl group, an alkynyl group having from 2 to 5 carbon atoms is preferable, and examples thereof 
include an ethynyl group, a propynyl group, and a butynyl group. 
25 [0397] The alkoxycarbonyl group is preferably a secondary or tertiary alkoxycarbonyl group, and more preferably a 
tertiary alkoxycarbonyl group, such as an isopropoxycarbonyl group, a t-butoxycarbonyl group, a t-amyloxycarbonyl 
group, and a 1-methyl-1-cyclohexyloxycarbonyl group. 

[0398] Examples of the halogen atom include a fluorine atom, a chlorine atom, a bromine atom, and an iodine atom. 
[0399] The alkylene group is preferably one having from 1 to 8 carbon atoms, such as a methylene group, an ethylene 
30 group, a propylene group, a butylene group, a hexylene group, and an octylene group, each of which may have a 
substituent. 

[0400] The alkenylene group is preferably one having from 2 to 6 carbon atoms, such as an ethenylene group, a 
propenylene group, a butenylene group, each of which may have a substituent. 

[0401] The cycloalkylene group is preferably one having from 5 to 8 carbon atoms, such as a cyclopentylene group 
35 and a cyclohexylene group, each of which may have a substituent. 

[0402] The arylene group is preferably one having from 6 to 15 carbon atoms, such as a phenylene group, atolylene 
group, and a naphthylene group, each of which may have a substituent. 

[0403] Also, these groups may have a substituent. Examples of the substituent include ones having active hydrogen 
such as an alkyl group, a cycloalkyl group, an aryl group, an amino group, an amide group, a ureido group, a urethane 

40 group, a hydroxyl group, and a carboxyl group, a halogen atom (for example, a fluorine atom, a chlorine atom, a bromine 
atom, and an iodine atom), an alkoxy group (for example, a methoxy group, an ethoxy group, a propoxy group, and a 
butoxy group), a thioether group, an acyl group (for example, an acetyl group, a propanoyl group, and a benzoyl group), 
an acyloxy group (for example, an acetoxy group, a propanoyloxy group, and a benzoyloxy group), an alkoxycarbonyl 
group (for example, a methoxycarbonyl group, an ethoxycarbonyl group, and apropoxycarbonyl group), acyano group, 

45 and a nitro group. 

[0404] Here, as the alkyl group, the cycloalkyl group, and the aryl group, those described previously are enumerated. 
The alkyl group may be further substituted with a fluorine atom or a cycloalkyl group. 

[0405] Examples of the group capable of being decomposed by the action of an acid, which is contained in the 
fluorine group-containing resin of the invention, include -0-C-(R3 6 )(R 37 )(R 38 ), -0-C(R3 6 )(R 37 )(OR 39 ), -0-COO-C(R 36 ) 
50 (R 37 )(R38), -O-C(R 01 )(R 0 2)COO-C(R3 6 )(R3 7 )(R 38 ), -COO-C(R 36 )(R 37 )(R 38 ), and -COO-C(R 36 )(R 37 )(OR 39 ). 

[0406] R 36 to R 39 each represents an alkyl group, a cycloalkyl group, an aryl group, an aralkyl group, or an alkenyl 
group; and R 01 and R 02 each represents a hydrogen atom, an alkyl group, a cycloalkyl group, an alkenyl group, an 
aralkyl group, or an aryl group. 

[0407] Preferred specific examples thereof include an ether group or an ester group of a tertiary alkyl group such as 
55 a t-butyl group, a t-amyl group, a 1-alkyl-1-cyclohexyl group, a 2-alkyl-2-adamantyl group, a 2-adamantyl-2-propyl 
group, and a 2-(4-methylcyclohexyl)-2-propyl group, an acetal group or an acetal ester group such as a 1-alkoxy- 
1 -ethoxy group, and a tetrahydropyranyl group, a t-alkyl carbonate group, and a t-alkylcarbonylmethoxy group. 
[0408] Specific examples of the repeating structural units represented by the general formulae (FA) to (FG) will be 
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given below, but it should not be construed that the invention is limited thereto. 
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[0409] The total content of the repeating units represented by the general formulae (FA) to (FG) is generally in the 
range of from 1 0 to 80 % by mole, preferably from 30 to 70 % by mole, and more preferably from 35 to 65 % by mole 
based on the whole of the repeating units constituting the resin. 

[0410] In addition to the foregoing repeating structural units, the resin (B) of the invention may be copolymerized 
with other polymerizable monomer for the purpose of further enhancing the performance of the resin of the invention. 
[0411] Examples of copolymerizable monomers that can be used include those described blow. That is, examples 
include compounds having one addition polymerizable unsaturated bond, which are selected from acrylic esters, acr- 
ylamides, methacrylic esters, methacrylamides, allyl compounds, vinyl ethers, vinyl esters, styrenes, and crotonic es- 
ters other than those described above. 

[0412] From the viewpoints of enhancing the dry etching resistance, adjusting the alkali solubility, and enhancing 
the adhesion to a substrate, it is preferable that such a fluorine group-containing resin contains other repeating unit as 
a copolymerization component in addition to the foregoing fluorine atom-containing repeating unit. Preferred examples 
of other repeating unit include those described below. 

1) A repeating unit having the alicyclic hydrocarbon structure represented by any one of the foregoing general 
formulae (pi) to (pVI) and (ll-AB). Specifically, the repeating units of the foregoing 1 to 23 and the repeating units 
of the foregoing [11-1] to [II-32], Above all, the foregoing specific examples 1 to 23 in which Rx isCF 3 are preferable. 

2) A repeating unit having the lactone structure represented by any one of the foregoing general (Lc) and (V-1) to 
(V-5). Specifically, the repeating units of the foregoing (IV-1 ) to (IV-16) and the repeating units of the foregoing (Ib- 
1) to (lb-11). 

3) A repeating unit represented by any one of the following general formulae (XV), (XVI) and (XVII), which is derived 
from maleic anhydride, vinyl ether, or a cyano group-containing vinyl compound. Specifically, the repeating units 
of the foregoing (C-1 ) to (C-1 5). A fluorine atom may not be contained in these other repeating units. 



[0413] In the formulae, R 41 represents an alkyl group, a cycloalkyl group, an aralkyl group, or an aryl group. The 
alkyl group of R 41 may be substituted with an aryl group. 

[0414] R 42 represents a hydrogen atom, a halogen atom, a cyano group, or an alkyl group. 

[0415] A 5 represents a single bond, a divalent alkyl group, alkenylene group, cycloalkylene group or arylene group, 

-0-CO-R 22 -, -CO-0-R 23 -, or -CO-N(R 24 )-R 25 -. 

[0416] R 22 , R 23 , and R 25 may be the same or different and each represents a single bond or a divalent alkylene 
group, alkenylene group, cycloalkylene group or arylene group, each of which may have an ether group, an ester 
group, an amide group, a urethane group, or a ureido group. 

[0417] R 24 represents a hydrogen atom, an alkyl group, a cycloalkyl group, an aralkyl group, or an aryl group. 
[0418] Here, as examples of the respective substituents, the same examples as in the substituents of the foregoing 




(XV) 



(XVI) 



(xvn) 
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general formulae (FA) to (FG) are enumerated. 

[0419] Also, specific examples of the repeating structural units represented by the general formulae (XVI) to (XVII) 
will be given below, but it should not be construed that the invention is limited thereto. 



-fCH 2 -CH-)- 4CH 2 -CH4- -fCH 2 -CH-)- 

<\ °s °s t 

CH 3 C2H5 C4H9 

(C-l) (C-2) (C-3) 

4cH 2 -CH-f 4CH 2 -CH-)- 4CH 2 -CH-)- 

(C-4) (C-5) (C-6) 

4ch 2 -ch4 4ch 2 -ch-)- 4ch 2 -ch4- 

(C-7) (C-8) (C-9) 

CH 3 CH 2 CI CH 2 F 

■fCH^C-)- -f-CH 2 -C-)- fCH 2 C^- 

CN CN CN 

(C-10) (C-ll) (C-12) 
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CH 3 
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CH 2 CH 2 -CN 



CN 



CN 



(C-13) 



(C-14) 



(C-15) 



[0420] The content of other repeating units including the repeating units represented by the general formulae (XV) 
to (XVII) is generally in the range of from 0 to 70 % by mole, preferably from 10 to 60 % by mole, and more preferably 
from 20 to 50 % by mole based on the whole of the repeating structural units constituting the resin. 
[0421] In the fluorine group-containing resin as the acid decomposable resin (B), the acid decomposable group may 
be contained in any repeating unit. 

[0422] The content of the repeating unit having an acid decomposable group is preferably from 10 to 70 % by mole, 
more preferably from 20 to 60 % by mole, and further preferably from 30 to 60 % by mole based on the whole of the 
repeating units. 

[0423] The fluorine group-containing resin can be synthesized by radical polymerization likewise the alicyclic hydro- 
carbon based acid decomposable resin. 

[0424] The resin as the component (B) according to the invention preferably has a weight average molecular weight, 
as reduced into polystyrene by the GPC method, of from 1 ,000 to 200, 000. When the weight average molecular weight 
is 1, 000 or more, it is possible to enhance the heat resistance and dry etching resistance, Also, when the weight 
average molecular weight is not more than 200,000, not only it is possible to enhance the developability, but also since 
the viscosity is extremely low, it is possible to enhance the film forming property. 

[0425] In the positive working composition of the invention, the compounding amount of the resin as the component 
(B) according to the invention in the whole of the composition is preferably from 40 to 99.99 % by weight, and more 
preferably from 50 to 99.97 % by weight in the whole of solids. 

[0426] [3] (C) Dissolution inhibiting compound which is decomposed by the action of an acid, whereby its solubility 
in an alkaline developer increases, and which has a molecular weight of not more than 3,000 (hereinafter sometimes 
referred to as "component (C)" or "dissolution inhibiting compound"): 

[0427] As the dissolution inhibiting compound (C) which is decomposed by the action of an acid, whereby its solubility 
in an alkaline developer increases, and which has a molecular weight of not more than 3,000, for the purpose of not 
reducing the transmission at not longer than 220 nm, alicyclic or aliphatic compounds having an acid decomposable 
group, such as acid decomposable group-containing cholic acid derivatives as described in Proceeding ofSPIE, 2724, 
355 (1996). With respect to the acid decomposable group and alicyclic structure, those described in the foregoing 
alicyclic hydrocarbon based acid decomposable resin are enumerated. 

[0428] In the case where the photosensitive composition of the invention is exposed with KrF excimer laser or irra- 
diated with electron beams, one having a structure in which a phenolic hydroxyl group of a phenol compound is sub- 
stituted with an acid decomposable group is preferable. As the phenol compound, one having from 1 to 9 phenol 
skeletons is preferable, and one having from 2 to 6 phenol skeletons is more preferable. 

[0429] In the invention, the dissolution inhibiting compound has a molecular weight of not more than 3,000, preferably 
from 300 to 3,000, and more preferably from 500 to 2,500. 

[0430] The amount of the dissolution inhibiting compound to be added is preferably from 3 to 50 % by weight, and 
more preferably from 5 to 40 % by weight based on the solids of the photosensitive composition. 
[0431] Specific examples of the dissolution inhibiting compound will be given below, but it should not be construed 
that the invention is limited thereto. 
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• COO-t-Bu 




[0432] [4] (D) Resin soluble in an alkaline developer (hereinafter sometimes referred to as "component (D)" or "alkali- 
soluble resin"): 

[0433] The alkali-soluble resin preferably has an alkali dissolution rate, as measured (at 23 °C) in 0.261 N tetrame- 
thylammonium hydroxide (TMAH), of 20 angstrom or more per second, and especially preferably 200 angstrom or 
more per second. 

[0434] Examples of the alkali-soluble resin to be used in the invention include novolak resins, hydrogenated novolak 
resins, acetone-pyrogallol resins, o-polyhydroxystyrene, m-polyhydroxystyrene, p-polyhydroxystyrene, hydrogenated 
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polyhydroxystyrene, halogen- or alkyl-substituted polyhydroxylstyrenes, hydroxystyrene-N-substituted maleimide co- 
polymers, o/p- and m/p-hydroxystyrene copolymers, partially O-alkylated products (for example, O-methylated prod- 
ucts of from 5 to 30 % by mole, 0-(1 -methoxy)ethylated products, 0-(1 -ethoxy)ethylated products, O-2-tetra hydro- 
pyranylated products, and O-(t-butoxycarbonyl) methylated products) or O-acylated products (for example, o-acetylat- 
ed products of from 5 to 30 % by mole and 0-(t-butoxy)carbonylated products) against the hydroxyl group of polyhy- 
droxystyrene, styrene-maleic anhydride copolymers, styrene-hydroxystyrene copolymers, a-methyl styrene-hydroxy- 
styrene copolymers, carboxyl group-containing methacrylic resins and derivatives thereof, and polyvinyl alcohol deriv- 
atives. However, it should not be construed that the invention is limited thereto. 

[0435] Of these alkali-soluble resins, novolak resins, o-poly-hydroxystyrene, m-polyhydroxystyrene, p-polyhydroxy- 
styrene and copolymers thereof; alkyl-substituted polyhydroxystyrenes; partially O-alkylated or O-acylated products 
of polyhydroxystyrene; styrene-hydroxystyrene copolymers; and a-methylstyrene-hydroxystyrene copolymers are es- 
pecially preferable. 

[0436] The novolak resins can be obtained by subjecting a prescribed monomer as the major component to addition 
condensation with an aldehyde in the presence of an acid catalyst. 

[0437] Also, the alkali-soluble resin has a weight average molecular weight of 2,000 or more, preferably from 5,000 
to 200,000, and more preferably from 5,000 to 1 00,000. 

[0438] The weight average molecular weight as referred to herein is defined as a value as reduced into polystyrene 
by the gel permeation chromatography. 

[0439] In the invention, the alkali-soluble resin (D) may be used in combinations of two or more thereof. 

[0440] The amount of the alkali-soluble resin to be used is from 40 to 97 % by weight, and preferably from 60 to 90 

% by weight based on the solids of the whole of the composition of the photosensitive composition. 

[0441] (5) (E) Acid crosslinking agent capable of crosslinking with the foregoing alkali-soluble resin by the action of 

an acid (hereinafter sometimes referred to as "component (E)" or "crosslinking agent"): 

[0442] Though any compound can be used as the crosslinking agent so far as it cross-links the resin soluble in an 
alkaline developer by the action of an acid, the following (1) to (3) are preferable. 

(1) Hydroxymethyl body, alkoxymethyl body, or acyloxymethyl body of phenol derivative. 

(2) Compound having an N-hydroxymethyl group, an N-alkoxymethyl group, or an N-acyloxymethyl group. 

(3) Compound having an epoxy group. 

[0443] The alkoxymethyl group is preferably one having not more than 6 carbon atoms; and the acyloxymethyl group 
is preferably one having not more than 6 carbon atoms. 

[0444] Of these crosslinking agents, the following compounds are especially preferable. 




OH 



OH 



H( 
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OH 



La L, 





L 3 U 



O 



[0445] In the formulae, L 1 to L 8 may be the same or different and each represents a hydrogen atom, a hydroxymethyl 
group, a methoxymethyl group, an ethoxymethyl group, or an alkyl group having from 1 to 6 carbon atoms. 
[0446] The crosslinking agent is usually used in an addition amount of from 3 to 70 % by weight, and preferably from 
5 to 50 % by weight in the solids of the photosensitive composition. 

<Othercomponents> 

[5] (F) Basic compound: 

[0447] For the purpose of reducing a change of the performance with time from exposure to heating, it is preferable 
that the photosensitive composition of the invention contains (F) a basic compound. 

[0448] Structures represented by the following formulae (A) to (E) can be enumerated as the preferred structure. 



[0449] Here, R 250 , R 251 , and R 252 each independently represents a hydrogen atom, an alkyl group having from 1 to 
20 carbon atoms, a cycloalkyl group having from 3 to 20 carbon atoms, or an aryl group having from 6 to 20 carbon 
atoms; and R 250 and R 251 may betaken together to form a ring. These groups may have a substituent. As the substituted 
alkyl group and cycloalkyl group, an aminoalkyl group having from 1 to 20 carbon atoms or an aminocycloalkyl group 
having from 3 to 20 carbon atoms, and a hydroxyalkyl group having from 1 to 20 carbon atoms or a hydroxycycloalkyl 
group having from 3 to 20 carbon atoms are preferable. 

[0450] Also, these alkyl chains may contain an oxygen atom, a sulfur atom, or a nitrogen atom. 



- (A) 
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- (C) 
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- (D) 



R 254 R 255 



15 



R 253 — C — N — C — R 256 "• (E) 



[0451] In the formulae, R 253 , R 254 , R 255 , and R 256 each independently represents an alkyl group having from 1 to 

20 20 carbon atoms or a cycloalkyl group having from 3 to 20 carbon atoms. 

[0452] Preferred examples of compounds include guanidine, aminopyrrolidine, pyrazole, pyrazoline, piperazine, ami- 
nomorpholine, aminoalkylmorpholines, and piperidine, each of which may haveasubstituent. As more preferable com- 
pounds, compounds having an imidazole structure, a diazabicyclo structure, an onium hydroxide structure, an onium 
carboxylate structure, a trialkylamine structure, an aniline structure, or a pyridine structure, alkylamine derivatives 

25 having a hydroxyl group and/or an ether bond, and aniline derivatives having a hydroxyl group and/or an ether bond 
can be enumerated. 

[0453] Examples of compounds having an imidazole structure include imidazole, 2,4,5-triphenylimidazole. and ben- 
zimidazole. Examples of compounds having a diazabicyclo structure include 1 ,4-diazabicyclo[2,2,2]octane, 1 ,5-di- 
azabicyclo[4,3,0]nona-5-ene, and 1 ,8-diazabicyclo [5,4,0] undeca-7-ene. Examples of compounds having an onium 

30 hydroxide structure include triarylsulfonium hydroxides, phenacylsulfonium hydroxides, and sulfonium hydroxides hav- 
ing a 2-oxoalkyl group, specifically, triphcnylsulfonium hydroxide, tris(t-butylphcnyl)sulfonium hydroxide, bis(t-butyl- 
phenyl) iodonium hydroxide, phenacylthiophenium hydroxide, and 2-oxopropylthiophenium hydroxide. Examples of 
compounds having an onium carboxylate structure include compounds having an onium hydroxide structure in which 
an anion moiety thereof is a carboxylate, for example, acetates, adamantane-1 -carboxylates, and perfluoroalkyl car- 

35 boxylates. Examples of compounds having a trialkylamine structure include tri (n-butyl) amine and tri (n-octyl) amine. 
Examples of aniline compounds include 2,6-diisopropylaniline and N,N-dimethylaniline. Examples of alkylamine de- 
rivatives having a hydroxyl group and/or an ether bond include ethanolamine, diethanolamine, triethanolamine, and 
tris (methoxyethoxyethyl)amine. Examples of aniline derivatives having a hydroxyl group and/or an ether bond include 
N,N-bis(hydroxyethyl)aniline. 

40 [0454] These basic compounds are used singly or in admixture of two or more thereof. The amount of the basic 
compound to be used is usually from 0.001 to 10 % by weight, and preferably from 0.01 to 5 % by weight based on 
the solids of the photosensitive composition. For the sake of obtaining sufficient addition effects, it is preferable that 
the amount of the basic compound to be used is 0.001 % by weight or more. On the other hand, in view of the sensitivity 
and the developability in a non-exposed area, it is preferable that the amount of the basic compound to be used is not 

45 more than 1 0 % by weight. 

[6] (G) Fluorine based and/or silicon based surfactant: 

[0455] It is preferable that the photosensitive composition of the invention containing either one of a fluorine based 
so surfactant and a silicon based surfactant (for example, a fluorine based surfactant and a silicon based surfactant, and 
a surfactant containing both of a fluorine atom and a silicon atom), or two or more thereof. 

[0456] When the photosensitive composition of the invention contains a fluorine and/or silicon based surfactant, it 
is possible to give a resist pattern having good sensitivity and resolution and having little adhesion and development 
defect at the time of using a light source of exposure of not longer than 250 nm, especially not longer than 220 nm. 
55 [0457] Examples of such fluorine and/or silicon based surfactants include surfactants described in JP-A-62-36663, 
J P-A-6 1-226746, J P-A-61 -226745, JP-A-62-1 70950, JP-A-63-34540, JP-A-7-2301 65, JP-A-8-62834, JP-A-9-54432, 
JP-A-9-5988, JP-A-2002-277862, U.S. Patent Nos. 5,405,720, 5,360,692, 5,529,881, 5,296,330, 5,436,098, 
5,576,143, 5,294,511, and 5,824,451 . Also, commercially available surfactants described below can be used as they 
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are. 

[0458] Examples of commercially available surfactants that can be used include fluorine based surfactants or silicon 
based surfactants such as Eftop Series EF301 and EF303 (manufactured by Shin-Akita Kasei K.K.), Fluorad Series 
FC430 and FC431 (manufactured by Sumitomo 3M Ltd.), Megafoam Series F171 , F173, F176, F189, and R08 (man- 
ufactured by Dainippon Ink and Chemicals, Incorporated), Sarfron Series S-382, SC101, SC102, SC103, SC104, 
SC105, and SC106 (manufactured by Asahi Glass Co., Ltd.), and Troysol S-366 (manufactured by Troy Chemical 
Industries, Inc.). Also, a polysiloxane polymer KP-341 (manufactured by Shin-Etsu Chemical Co., Ltd.) can be used 
as the silicon based surfactant. 

[0459] Also, in addition to the foregoing known surfactants, surfactants using a polymer having a fluoro aliphatic 
group derived from a fluoro aliphatic compound produced by the telomerization method (also called "telomere method") 
or the oligomerization method (also called "oligomer method") can be used as the surfactant. The fluoro aliphatic 
compound can be synthesized by a method described in JP-A-2002-90991 . 

[0460] As the fluoro aliphatic group-containing polymer, copolymers of a fluoro aliphatic group-containing monomer 
and a (poly(oxyalkylene)) acrylate and/or a (poly(oxyalkylene)) methacrylate are preferable, and these copolymers 
may be one in which the monomers are irregularly distributed or block copolymerized. Also, examples of the poly 
(oxyalkylene) group include a poly (oxyethylene) group, a poly (oxypropylene) group, and a poly(oxybutylene) group. 
Also, units having alkylene groups having a different chain length in the same chain length, such as a poly(oxyethylene/ 
oxypropylene/oxyethylene block linking body) and a poly(oxyethylene/oxypropylene block linking body), may be em- 
ployed. Further, the copolymer of a fluoro aliphatic group-containing monomer and a (poly (oxyalkylene)) acrylate (or 
methacrylate) includes not only binary copolymers but also ternary or more copolymers in which two or more of different 
fluoro aliphatic group-containing monomers and two or more of different (poly (oxyalkylene)) acrylates (or methacr- 
ylates) are copolymerized simultaneously. 

[0461] For example, Megaface Series F178, F-470, F-473, F-475, F-476, and F-472 (manufactured by Dainippon 
Ink and Chemicals, Incorporated) can be enumerated as a commercially available surfactant. Further, copolymers of 
a C 6 F 13 group-containing acrylate (or methacrylate) and a (poly (oxyalkylene)) acrylate (or methacrylate), copolymers 
of a C 6 F 13 group-containing acrylate (or methacrylate), a (poly (oxyethylene)) acrylate (or methacrylate) and a (poly 
(oxypropylene)) acrylate (or methacrylate), copolymers of a C a F 17 group-containing acrylate (or methacrylate) and a 
(poly (oxyalkylene)) acrylate (or methacrylate), and copolymers of a C 8 F 17 group-containing acrylate (or methacrylate), 
a (poly (oxyethylene)) acrylate (or methacrylate) and a (poly (oxypropylene)) acrylate (or methacrylate) can be enu- 
merated. 

[0462] The amount of the fluorine and/or silicon based surfactant to be used is preferably from 0. 0001 to 2 % by 
weight, and more preferably from 0.001 to 1 % by weight based on the total amount (exclusive of the solvent) of the 
photosensitive composition. 

[7] (H) Organic solvent: 

[0463] The photosensitive composition of the invention is used upon dissolving the foregoing components in a pre- 
scribed organic solvent. 

[0464] Examples of the organic solvent that can be used include ethylene dichloride, cyclohexanone, cyclopen- 
tanone, 2-heptanone, y-butyrolactone, methyl ethyl ketone, ethylene glycol monomethyl ether, ethylene glycol monoe- 
thyl ether, 2-methoxyethyl acetate, ethylene glycol monoethyl ether acetate, propylene glycol monomethyl ether, pro- 
pylene glycol monomethyl ether acetate, toluene, ethyl acetate, methyl lactate, ethyl lactate, methyl methoxypropion- 
ate, ethyl ethoxypropionate, methyl pyruvate, ethyl pyruvate, propyl pyruvate, N,N-dimethylformamide, dimethyl sul- 
foxide, N-methylpyrrolidone, and tetrahydrofuran. 

[0465] In the invention, though the organic solvent may be used singly or in admixture, it is preferred to use a mixed 
solvent of a solvent containing a hydroxyl group in the structure and a solvent not containing a hydroxyl group in the 
structure. In this way, it is possible to reduce the generation of particles at the time of storage of the resist. 
[0466] Examples of the solvent containing a hydroxyl group include ethylene glycol, ethylene glycol monomethyl 
ether, ethylene glycol monoethyl ether, propylene glycol, propylene glycol monomethyl ether, propylene glycol monoe- 
thyl ether, and ethyl lactate. Of these, propylene glycol monomethyl ether and ethyl lactate are especially preferable. 
[0467] Examples of the solvent not containing a hydroxyl group include propylene glycol monomethyl ether acetate, 
ethyl ethoxypropionate, 2-heptanone, y-butyrolactone, cyclohexanone, cyclohexanone, butyl acetate, N-methylpyrro- 
lidone, N,N-dimethylacetamide, and dimethyl sulfoxide. Of these, propylene glycol monomethyl ether acetate, ethyl 
ethoxypropionate, 2-heptanone, y-butyrolactone, cyclohexanone, and butyl acetate are especially preferable; and pro- 
pylene glycol monomethyl ether acetate, ethyl ethoxypropionate, and 2-heptanone are the most preferable. 
[0468] A mixing ratio (by weight) of the solvent containing a hydroxyl group to the solvent not containing a hydroxyl 
group is from 1/99 to 99/1 , preferably from 1 0/90 to 90/1 0, and more preferably from 20/80 to 60/40. A mixed solvent 
containing 50 % by weight or more of the solvent not containing a hydroxyl group is especially preferable in view of 
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coating uniformity. 

(Ha) Solvent containing at least one cyclic ketone: 

5 [0469] In the case where the positive photosensitive composition contains the alicyclic hydrocarbon based acid de- 
composable resin, it is preferred to use a solvent containing at least one cyclic ketone as the organic solvent. 
[0470] By using the alicyclic hydrocarbon based acid decomposable resin and the cyclic ketone, the positive photo- 
sensitive composition of the invention hardly causes pattern collapse and can widen the defocus latitude with respect 
to the isolated line pattern. 

10 [0471 ] Examples of the cyclic ketone include compounds having from 5 to 8 carbon atoms in total, such as cyclopen- 
tanone, 3-methyl-2-cyclopentanone, cyclohexanone, 2-methylcyclohexanone, 2,6-dimethylcyclohexanone, cyclohep- 
tanone, cyclooctanone, and isophorone. Of these, cyclohexanone and cycloheptanone are preferable. 
[0472] The cyclic ketone can be used singly or as a mixed solvent with other solvent. Examples of the solvent to be 
mixed (associative solvent) include propylene glycol monoalkyl ether carboxylates, alkyl lactates, propylene glycol 

is monoalkyl ethers, alkyl alkoxypriopionates, and linear ketones. 

[0473] Specific examples of propylene glycol monoalkyl ether carboxylates include propylene glycol monomethyl 
ether acetate, propylene glycol monomethyl ether propionate, and propylene glycol monoethyl ether acetate. 
[0474] Examples of alkyl lactates include methyl lactate and ethyl lactate. 

[0475] Examples of propylene glycol monoalkyl ethers include propylene glycol monomethyl ether and propylene 
20 glycol monoethyl ether. 

[0476] Examples of alkyl alkoxypropionates include methyl methoxypropionate, ethyl methoxypropionate, methyl 
ethoxypropionate, and ethyl ethoxypropionate. 

[0477] Examples of linear ketones include methyl ethyl ketone, 2-heptanone, 3-heptanone. and 4-heptanone. 
[0478] Preferred examples of the associative solvent include propylene glycol monoalkyl ether carboxylates, alkyl 
25 lactates, and propylene glycol monoalkyl ethers. 

[0479] By combining the cyclic ketone with the associative solvent, the adhesion to a substrate, developability, DOF, 
and the like are improved. 

[0480] A ratio (weight ratio) of the cyclic ketone to the associative solvent is preferably from 30/70 to 95/5, more 
preferably from 35/65 to 90/1 0, and further preferably from 40/60 to 80/20. 
30 [0481] Also, from the viewpoint of enhancing the uniformity of film thickness and the development defect perform- 
ance, it is preferred to mix a high-boiling solvent having a boiling point of 200 °C or higher, such as ethylene carbonate, 
propylene carbonate, and y-butyrolactone. 

[0482] The addition amount of the high-boiling solvent is from 0.1 to 15 % by weight, preferably from 0.5 to 10 % by 
weight, and further preferably from 1 to 5 % by weight in the whole of solvents. 
35 [0483] By using such a cyclic ketone singly or a mixed solvent with other solvent, the photosensitive composition 
having a concentration of solids of generally from 3 to 25 % by weight, preferably from 5 to 22 % by weight, and more 
preferably from 7 to 20 % by weight is prepared. 

<Other additives> 

40 

[0484] If desired, the photosensitive composition of the invention may further contain a dye, a plasticizer, a surfactant 
other than the foregoing component (G), a photosensitizer, a compound capable of accelerating the dissolution in a 
developer, and the like. 

[0485] A dissolution accelerating compound in a developer, which can be used in the invention, is a low-molecular 
45 compound having two or more OH phenolic groups or one or more carboxy groups and having a molecular weight of 
not more than 1,000. In the case where the dissolution accelerating compound has a carboxy group(s), alicyclic or 
aliphatic compounds are preferable. 

[0486] The addition amount of the dissolution accelerating compound is preferably from 2 to 50 % by weight, and 
more preferably from 5 to 30 % by weight based on the resin as the component (B) or the resin as the component (D). 

50 In view of inhibition of development residues and prevention of pattern deformation at the time of development, it is 
preferable that the addition amount of the dissolution accelerating compound is not more than 50 % by weight. 
[0487] Such a phenolic compound having a molecular weight of not more than 1 ,000 can be easily synthesized by 
those skilled in the art by referring to methods described in, for example, J P-A-4- 122938, JP-A-2-28531 , U.S. Patent 
No. 4,91 6,21 0, and European Patent No. 21 9,294. 

55 [0488] Specific examples of the carboxyl group-containing alicyclic or aliphatic compound include carboxylic acid 
derivatives having a steroid structure (for example, cholic acid, deoxycholic acid, and lithocholic acid), adamantane- 
carboxylic acid derivatives, adamantanedicarboxylic acids, cyclohexanecarboxylic acid, and cyclohexanedicarboxylic 
acids. However, it should not be construed that the invention is limited thereto. 
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[0489] In the invention, surfactants other than the foregoing fluorine based and/or silicon based surfactant (G) can 
be added. Specific examples thereof include nonionic surfactants such as polyoxyethylene alkyl ethers, polyoxyethyl- 
ene alkylaryl ethers, polyoxyethylene/polyoxypropylene block copolymers, sorbitan aliphatic esters, and polyoxyeth- 
ylene sorbitan aliphatic esters. 
5 [0490] These surfactants can be added singly or in combinations. 

«Use method» 

[0491] The photosensitive composition of the invention is used by dissolving the respective components in a pre- 
10 scribed solvent, preferably theforegoing mixed solvent and coating the solution on a prescribed support in the following 
manner. 

[0492] For example, the photosensitive composition is coated on a substrate to be used in the manufacture of pre- 
cision integrated circuit devices (for example, a silicon/silicon dioxide coating) by an adequate coating method using 
a spinner, a coater, etc., and then dried to form a photosensitive film. 
15 [0493] The photosensitive film is irradiated with the actinic ray or the radiation through a prescribed mask, baked 
(heated), and then developed. In this way, a good pattern can be obtained. 

[0494] Though as the the actinic ray or the radiation, infrared light, visible light, ultraviolet light, far ultraviolet light, 
X-rays, and electron beams can be enumerated, far ultraviolet light preferably having a wavelength of not longer than 
250 nm, and more preferably not longer than 220 nm, specifically, a KrF excimer laser (248 nm), an ArF excimer laser 
20 (193 nm), an F 2 excimer laser (157 nm), X-rays, and electron beams are preferable, and an ArF excimer laser and an 
F 2 excimer laser, and EUV (13 nm) are more preferable. 

[0495] In the development step, an alkaline developer is used in the following manner. As the alkaline developer of 
the resist composition, alkaline aqueous solutions of, for example, inorganic alkalis such as sodium hydroxide, potas- 
sium hydroxide, sodium carbonate, sodium silicate, sodium metasilicate, and ammonia water, primary amines such as 
25 ethylamine and n-propylamine, secondary amines such as diethylamine and di-n-butylamine, tertiary amines such as 
triethylamine and methyldiethylamine, alcohol amines such as dimethylethanolamine and triethanolamine, quaternary 
ammonium salts such astetramethylammonium hydroxide andtetraethylammonium hydroxide, and cyclic amines such 
as pyrrole and piperidine, can be used, 

[0496] Further, suitable amounts of alcohols or surfactants can be added to and used in the foregoing alkaline de- 
30 veloper. 

[0497] The alkaline developer generally has an alkali concentration of from 0.1 to 20 % by weight. 
[0498] The alkaline developer generally has a pH of from 10.0 to 15.0. 

[Examples] 

[0499] The invention will be described below in more detail with reference to the following Examples, but it should 
not be construed that the contents of the invention are limited thereto. 

■cCompound (A)> 

40 

Synthesis Example 1 (Synthesis of compound (1-1)) 

[0500] 8.44 g (18.6 mmoles) of diiodoperfluorobutane, 8,50 g (48.8 mmoles) of sodium hydrosulfite, 4.60 g (55 
mmoles) of sodium hydrogencarbonate, 25 mL of acetonitrile, and 15 mL of water were added, and the mixture was 
45 stirred at room temperature for one hour. The reaction solution was filtered, and a filtrate was ice cooled to deposit a 
white solid. This solid was collected by filtration and dried to obtain 6,8 g (98 %) of sodium perfluorobutane-1 ,5-disulfi- 
nate. 

[0501] 15.77 g (40.4 mmoles) of triphenylsulfonium iodide, 7.07 g (42.4 mmoles) of silver acetate, 400 mL of ace- 
tonitrile, and 200 mL of water were added, and the mixture was stirred at room temperature for one hour. The reaction 

so solution was filtered to obtain a triphenylsulfonium acetate solution. 

[0502] 7.2 g (1 9.2 mmoles) of sodium perfluorobutane-1 ,5-disulfinate, 80 mL of aqueous hydrogen peroxide (30 %), 
and 8 mL of acetic acid were added, and the mixture was stirred at 60 °C for 4 hours. After confirming the completion 
of the reaction by 19 F-NMR, the reaction solution was neutralized by the addition of 30 mL of 1N-NaOH, to which was 
then added the foregoing triphenylsulfonium acetate solution , and the mixture was stirred at room temperatu re for three 

55 hours. 500 mL of chloroform was added, and an organic layer was washed successively with water, an aqueous sat- 
urated sodium sulfite solution, water, an aqueous saturated ammonium chloride solution, and water. The organic layer 
was filtered using a 0.1 urn filter, and the solvent was removed using an evaporator to obtain a colorless transparent 
oil. This oil was crystallized by allowing to stand at -1 0 "Cfor 6 hours, and crystals were collected by filtration and dried 
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to obtain a desired compound (1-1) (7.5 g, 44 %). 

1 H-NMR (300 MHz, CDCI 3 ): 57.27 to 7.55 (m, 9H), 7.70 to 7.69 (m, 6H) 

19 F-NMR (300 MHz, CDCI 3 ): 5-114 (t, 4F), -120 (t, 4F) 
[0503] Other acid generating agents were synthesized in the same manner. 

5 

<Resin (B)> 

Synthesis Example 1 (Synthesis of resin (1) (side chain type)) 

10 [0504] 2-Ethyl-2-adamantyl methacrylate and butyrolactone methacrylate were charged in a proportion of 55/45 and 
dissolved in methyl ethyl ketone/tetrahydrofuran (5/5) to prepare 100 mL of a solution having a concentration of solids 
of 20 %. To this solution, 2 % by mole of V-65, manufactured by Wako Pure Chemical Industries, Ltd. was added, and 
the mixture was dropped in 10 mL of methyl ethyl ketone heated at 60 °C over 4 hours in a nitrogen atmosphere. After 
completion of dropping, the reaction solution was heated for 4 hours, 1 % by mole of V-65 was again added, and the 

is mixture was stirred for 4 hours. After completion of the reaction, the reaction solution was cooled to room temperature 
and crystallized from 3 L of a mixed solvent of distilled water/isopropyl alcohol (1/1), thereby recovering a resin (1) as 
a deposited white powder. 

[0505] The polymer formulation ratio determined by C 13 -NMR was 46/54. Also, the weight average molecular weight 
as reduced into standard polystyrene by the GPC measurement was 1 0,700. 
20 [0506] Resins (2) to (1 2) and (26) to (31 ) were synthesized in the same manner as in the foregoing Synthesis Example 



Synthesis Example 2 (Synthesis of resin (13) (principal chain type)) 

25 [0507] t-Butyl norbornenecarboxylate, butyrolactone norbornenecarboxylate and maleic anhydride (molar ratio: 
40/10/50) and THF (reaction concentration: 60 % by weight) were charged in a separable flask, and the mixture was 
heated at 60 °C under a nitrogen gas stream. When the reaction temperature became stable, 2 % by mole of a radical 
initiator V-601 , manufactured by Wako Pure Chemical Industries, Ltd. was added to initiate reaction. The mixture was 
heated for 1 2 hours. The resulting reaction mixture was diluted two times with tetrahydrof uran and then thrown into a 

30 mixed solution of hexane/isopropyl alcohol (1 /1 ) to deposit a white powder. The deposited powder was taken out by 
filtration and dried to obtain a desired resin (13). 

[0508] The resulting resin (1 3) was subjected to molecular weight analysis by GPC and found to be 8, 300 (weight 
average) as reduced into polystyrene. Also, according to the NMR spectrum, the resin (13) was confirmed to have a 
molar ratio of t-butyl norbornenecarboxyllate/butyrolactone norbornenecarboxylate/maleic anhydride repeating units 
35 of 42/8/50. 

[0509] Resins (14) to (19) were synthesized in the same manner as in Synthesis Example 2. 
Synthesis Example 3 (Synthesis of resin (20) (hybrid type)) 

40 [0510] Norbornene, maleic anhydride, t-butyl acrylate, and 2-methylcyclohexyl-2-propyl acrylate were charged in a 
molar ratio of 35/35/20/10 in a reactor, and the mixture was dissolved in tetrahydrofuran to prepare a solution having 
a content of solids of 60 %. This solution was heated at 65 °C under a nitrogen gas stream. When the reaction tem- 
perature became stable, 1 % by mole of a radical initiator V-601 , manufactured by Wako Pure Chemical Industries, 
Ltd. was added to initiate reaction. After heating for 8 hours, the reaction mixture was diluted two times with tetrahy- 

45 drofuran, and the reaction mixed solution was thrown into a five-time volume of hexaneto deposit a white powder. The 
deposited powder was taken out by filtration, dissolved in methyl ethyl ketone, and re-precipitated in a five-time volume 
of a hexane/t-butyl methyl ether (1/1 ) solution. A deposited white powder was collected by filtration and dried to obtain 
a desired resin (20). 

[0511] The resulting resin (20) was subjected to molecular weight analysis by GPC and found to be 12, 100 (weight 
so average) as reduced into polystyrene. Also, according to the NMR spectrum, the resin (20) had a formulation having 
a molar ratio of norbornene/maleic anhydride/t-butyl acrylate/2-methyl cyclohexyl-2-propyl acrylate of 32/39/1 9/10. 
[0512] Resins (21 ) to (25) were synthesized in the same manner as in Synthesis Example 3. 
[0513] Structures and molecular weights of the resins (1) to (31) will be given below. 

55 
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(20) 



Molecular weight 
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Molecular weight 




90 



EP 1 517 179 A1 



Synthesis Example 4 (Synthesis of resin (RA21)) 

[0514] A mixture of t-butyl norbornenecarboxylate, norbornenecarboxylic acid, 2-hydroxyethyl norbornenecarboxy- 
late, and maleic anhydride was dissolved in tetrahydrofuran to prepare a solution having a content of solids of 50 % 
by weight. This solution was charged into a three-necked flask and heated at 60 °C under a nitrogen gas stream. When 
the reaction temperature became stable, 5% by mole of a radical initiator V-60, manufactured by Wako Pure Chemical 
Industries, Ltd. was added to initiate reaction. After heating for 6 hours, the reaction mixture was diluted two times with 
tetrahydrofuran, and the reaction solution was thrown into a five-time volume of hexaneto deposit a white powder. The 
powder was again dissolved in tetrahydrofuran, and the solution was thrown into a five-time volume of hexane to deposit 
a white powder. The deposited powder was taken out by filtration and dried to obtain a desired resin (RA21) having 
the following repeating unit (formula (1) of JP-A-2000-241964). 

[0515] The resulting resin (RA21) was subjected to molecular weight analysis (Rl analysis) by GPC and found to be 
7,900 (weight average) as reduced into polystyrene. 



(RA21) 




Mw7900 



C=0 C=0 C=0 




0 



OH 




[0516] The following resins (RA1 ) to (RA20) were obtained in the same manner. 



(RA1) 




Mw-9700 
Mw/Mn-1.97 



(RA2) 



4-CH 2 




-OH 



Mw=9900 
Mw/Mn-1.99 
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Synthesis Example 5 (Synthesis of resin (RB1)) 

[0517] 2-Methyl-2-adamantyl methacrylate, p-hydroxy-7-butyrolactone methacrylate, and 3-hydroxy-1-adamantyl 
methacrylate were charged in a proportion of 50/25/25, and the mixture was dissolved in propylene glycol monomethyl 
ether acetate/propylene glycol monomethyl ether (70/30) (weight ratio) to prepare 450 g of a solution having a con- 
centration of solids of 22 % by weight. 1 .5 % by mole of a polymerization initiator V-601 , manufactured by Wako Pure 
Chemical Industries, Ltd. was added to this solution, and the mixture was dropped in 50 g of a mixed solution of 
propylene glycol monomethyl ether acetate/propylene glycol monomethyl ether (70/30) (weight ratio) heated at 100 
°C over 6 hours in a nitrogen atmosphere. After completion of dropping, the reaction solution was stirred for 2 hours. 
After completion of the reaction, the reaction solution was cooled to room temperature and crystallized from 5 L of a 
mixed solvent of hexane/ethyl acetate (9/1) (weight ratio). A deposited white powder was collected by filtration to 
recover a desired resin (RB1). 

[0518] The polymer formulation ratio (2-methyl-2-adamantyl methacrylate/p-hydroxy-y-butyrolactone methacrylate/ 
3-hydroxy-1 -adamantyl methacrylate) determined by the 13 C-NMR and the weight average molecular weight and de- 
gree of dispersion (Mw/Mn) as reduced into standard polystyrene by the GPC measurement were as follows. 
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[0519] Alicyclic hydrocarbon based acid decomposable resins (RB2) to (RB14) were synthesized in the same man- 
ner. 

[0520] Structures, weight average molecular weights, and degrees of dispersion of the alicyclic hydrocarbon based 
acid decomposable resins (RB1) to (RB14) will be given below. 
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[0521] Also, Resin A4 of Synthesis Example 10 of JP-A-1 0-274852, Resin H of Synthesis Example 8 of JP-A- 
2000-137327, and Resin (1) of Synthesis Example (1) of JP-A-2001-109154 were synthesized and designated as 
resins R1 , R2 and R3. respectively. 

[0522] Structures of repeating units of these reins will be given below. The weight average molecular weight was 
8,000 for R1 , 14,000 for R2, and 7,200 for R3, respectively. 



(RO CH 3 CH 3 

c=o c=o 



< R2 > CH 3 CH 3 CH 3 

"t CH 2 -< f-fe -fCHj-f-}^ -(-CH 2 -C-^ 
C=0 C=0 CsN 




<Fluorine group-containing resin> 



[0523] Structures of fluorine group-containing resins (FII-1) to (FII-40) to be used in the Examples will be given below. 
[0524] Also, the following Tables 1 and 2 show weight average molecular weights of the fluorine group-containing 
resins (FII-1) to (FII-40). 
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(F1M0) 



Table 1 





Resin 


Weight average molecular weight Mw 


Degree of dispersion 


Content of oligomer having a molecular 
weight of not more than 1 ,000 


15 


(FII-1) 


15200 


1.45 


5 




(FII-2) 


24000 


1.75 


8 




(FII-3) 


18200 


1.85 


7 


20 


(FII-4) 


16500 


1.46 


6 


(FII-5) 


9500 


1.58 


8 




(FII-6) 


19500 


2.02 


8 




(FII-7) 


6500 


1 .85 


7 


25 


(FII-8) 


28400 


1 .68 


9 




(FII-9) 


28600 


1 .44 


5 




(FII-1 0) 


12800 


1 .65 


8 




(FII-11) 


16800 


1.68 


9 


30 


(FII-1 2) 


28400 


1.58 


6 




(FII-1 3) 


19800 


1.69 


8 




(FII-1 4) 


8700 


1 .95 


8 


35 


(FII-1 5) 


15200 


1 .46 


7 














(FII-17) 


16900 


1.42 


8 


40 


(FII-1 8) 


15900 


1.85 


9 


(FII-1 9) 


15000 


1.55 


4 




(FII-20) 


12500 


1.88 


8 




(FII-21) 


25000 


1.68 


9 


45 


(FII-22) 


16000 


1.54 


7 




(FII-23) 


14600 


1.95 


5 




(FII-24) 


17500 


1.48 


5 


50 


(FII-25) 


16500 


1.52 


6 


(FII-26) 


14600 


1.63 


5 



Table 2 



Resin 


Weight average molecular weight Mw 


Degree of dispersion 


(FII-27) 


8300 


1.55 
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Table 2 (continued) 



Resin 


Weight average molecular weight Mw 


Degree of dispersion 


(FII-28) 


8300 


1.62 


(FII-29) 


8000 


1.52 


(FII-30) 


9200 


1.71 


(FII-31) 


10200 


1.47 


(FII-32) 


7900 


1.35 


(FII-33) 


6800 


1.60 


(FII-34) 


7400 


1.59 


(FII-35) 


8300 


1.70 


(FII-36) 


4800 


1.55 


(FII-37) 


4700 


1.51 


(FII-38) 


6400 


1.69 


(FII-39) 


9600 


1.70 


(FII-40) 


4600 


1.68 



Examples 1 to 25 and Comparative Examples 1 and 2 
Preparation of resist> 

[0525] Components shown in the following Tables 3 to 5 were dissolved in a solvent to prepare solutions each having 
a concentration of solids of 12 % by weight. Each solution was filtered by a 0.1 u,m polytetrafluoroethylene filter or 
polyethylene filter to prepare a positive working resin solution. The prepared positive resist solutions were evaluated 
according to the following methods, The results are shown in Tables 3 to 5. 

[0526] Abbreviations in Tables 3 to 8 and Tables 1 0 to 13 are as follows. Resins and acid generating agents other 
than those described below are those enumerated previously. Also, in the respective tables, in the case where the 
plural number of resins or solvents are used, the given ratios are a weight ratio. 

[Acid generating agent] 

[0527] The compound (A) of the invention and the associative acid generating agent are those enumerated previ- 
ously. 

[0528] However, PGA-A is a compound described below. 



NHCOC 8 F 17 



45 




PAG-A 



50 

[Basic compound] 
[0529] 

55 DBN: 1 ,5-Diazabicyclo[4,3,0]nona-5-ene 

TPI: 2,4,5-Triphenylimidazole 

TPSA: Triphenylsulfonium acetate 

HEP: N-Hydroxyethylpiperidine 
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DIA: 

DCMA: 

TPA: 

TOA: 

HAP: 

TBAH: 

TMEA: 

PEA: 



2,6-Diisopropylaniline 

Dicyclohexylmethylamine 

Tripentylamine 

Tri-n-octylamine 

Hydroxyantipyrine 

Tetrabutylammonium hydroxide 

Tris(methoxyethoxyethyl)amine 

N-Phenyldiethanolamine 



W-1 : Megaface F1 76 (manufactured by Dainippon Ink and Chemicals, Incorporated) (fluorine based) 

W-2: Megaface R08 (manufactured by Dainippon Ink and Chemicals, Incorporated) (fluorine and silicon b 

W-3: Polysiloxane polymer KP-341 (manufactured by Shin-Etsu Chemical Co., Ltd.) (silicon based) 

W-4: Troysol S-366 (manufactured by Troy Chemical Industries, Inc.) 

[Solvent] 

[0531] 

Propylene glycol methyl ether acetate 
2-Heptanone 
Ethyl ethoxypropionate 
y-Butyrolactone 
Cyclohexanone 
Propylene glycol methyl ether 
Ethyl lactate 



[Dissolution inhibitor] 
[0532] 

LCB: t-Butyl lithocholate 
Evaluation of resist> 



[0533] An anti-refractive film DUV-42, manufactured by Brewer Science Limited was uniformly coated in a thickness 
40 of 600 angstrom on a hexamethyldisilazane-treated silicon substrate using a spin coater, dried on a hot plate at 100 
°C for 90 seconds, and then dried by heating at 1 90 °C for 240 seconds. Thereafter, each of the positive working resist 
solutions was coated using a spin coater and dried at 120 °C for 90 seconds to form a 0.30 u.m-thick resist film. 
[0534] This resist film was exposed with an ArF excimer laser stepper (manufactured by ISI, NA = 0.6) through a 
mask, and immediately after the exposure, heated on a hot plate at 120 °C for 90 seconds. Further, the resulting resist 
45 film was developed with a 2.38 % by weight tetramethylammonium hydroxide aqueous solution at 23 °C for 60 seconds, 
rinsed with pure water for 30 seconds, and then dried to obtain a line pattern. 

(Density dependency) 

so [0535] In a line-and-space pattern with a line width of 0.13 u.m (dense pattern: line-and-space = 1/1) and an isolated 
line pattern (coarse pattern: line-and-space =1/5), an overlapping range of the depth of focus allowing (0.13 u.m + 10 
%) therebetween was determined. The larger the value, the smaller the performance difference between the dense 
pattern and the coarse pattern is, i.e., the density dependency is good. 

55 (Exposure latitude) 



[0536] The exposure amount of reproducing a mask pattern of line-and-space with a line width of 0.13 u.m was 
defined as an optimum exposure amount. When the exposure amount was changed, a width of the exposure amount 
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allowing (0.13|a,m+ 10 %) of the pattern size was determined. This value was divided by the optimum exposure amount 
and expressed in terms of percentage. The larger the value, the smaller the performance change by the change of the 
exposure amount is, i.e., the exposure latitude is good. 



15 

20 
25 



35 
40 
45 
50 
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[0537] From the results shown in Tables 3 to 5, it is clear that in the ArF exposure, the photosensitive compositions 
of the invention are excellent such that they are little in the density dependency and wide in the exposure latitude. 

Examples 26 to 28 and Comparative Examples 3 and 4 

5 

(1) Formation of lower resist layer: 

[0538] An FHi-028DD resist (resist for i-rays, manufactured by Fujifilm Olin Co., Ltd.) was coated on a 6 inch silicon 
wafer using a spin coater Mark 8, manufactured by Tokyo Electron Limited and baked at 90 °C for 90 seconds to obtain 
10 a uniform film having a thickness of 0.55 ujm. 

[0539] This film was further heated at 200 °C for 3 minutes to form a lower resist layer having a thickness of 0.40 u.m. 

(2) Formation of upper resist layer: 

15 [0540] Components shown in the following Table 6 were dissolved in a solvent to prepare solutions each having a 
concentration of solids of 11 % by weight. The solution was subjected to microfiltration with a membrane filter having 
an opening of 0.1 u/n, to prepare an upper resist composition. 

[0541] The upper resist composition was coated on the lower resist layer in the same way and heated at 130 °C for 
90 seconds to form an upper resist layer having a thickness of 0.20 urn. 
20 [0542] Resins (SI-1) to (SI-3) in Table 6 are as follows. 



(SI-1) 



(SI-2) 



(SI-3) 



JCyf 20 <N* 40 

p* 8,: q o^o^° c >*ViQ 

4- fee ttb 
*t fee tJtf 



Molecular weight 
15000 



(3) Evaluation of resist: 

45 [0543] The resulting wafer was exposed by installing a resolution mask in an ArF excimerstepper 9300, manufactured 
by ISI and changing the exposure amount. 

[0544] Next, after heating at 120 °C for 90 seconds, the exposed wafer was developed with atetrahydroammonium 
hydroxide developer (2.38 % by weight) for 60 seconds, rinsed with distilled water and then dried to obtain an upper 
pattern. 

50 [0545] The density dependency and exposure latitude were evaluated in the same manner as in Examples 1 to 25. 
The results are shown in Table 6. 
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[0546] From the results shown in Table 6, it is clear that in the case of using a double-layer resist, the photosensitive 
compositions of the invention are excellent such that they are little in the density dependency and wide in the exposure 
latitude. 

5 Examples 29 to 48 and Comparative Examples 5 and 6 
Preparation of resist> 

[0547] Components shown in the following Tables 7 to 8 were dissolved in a solvent to prepare solutions each having 
10 a concentration of solids of 5 % by weight. The solution was filtered by a 0.1 \ivn polyethylene filter to prepare a resist 
solution. 

[0548] The resist solution was coated on a hexamethyl disilazane-treated wafer using a spin coater and dried by 
heating on a vacuum contact type hot plate at 120 °C for 90 seconds to obtain a resist film having a thickness of 0.1 urn 
[0549] The resulting resist film was subjected to pattern exposure using an F 2 excimer laser stepper (157 nm), and 
is immediately after the exposure, heated on a hot plate at 120 °Cfor 90 seconds. Further the resulting resist film was 
developed with a 2.38 % by weight tetramethylammonium hydroxide aqueous solution for 60 seconds and rinsed with 
pure water to obtain a sample wafer. The sample was evaluated with respect to the density dependency and exposure 
latitude. 

20 (Density dependency) 

[0550] In a line-and-space pattern with a line width of 80 nm (dense pattern: line-and-space = 1/1) and an isolated 
line pattern (coarse pattern: line-and-space = 1/5), an overlapping range of the depth of focus allowing (80 nm ± 10 
%) therebetween was determined. The larger the value, the smaller the performance difference between the dense 
25 pattern and the coarse pattern is, i.e., the density dependency is good. 

(Exposure latitude) 

[0551 ] The exposure amount of reproducing a mask pattern of line-and-space with a line width of 80 nm was defined 
30 as an optimum exposure amount. When the exposure amount was changed, a width of the exposure amount allowing 
(80 nm + 10 %) of the pattern size was determined. This value was divided by the optimum exposure amount and 
expressed in terms of percentage. The larger the value, the smaller the performance change by the change of the 
exposure amount is, i.e., the exposure latitude is good. 
[0552] The results are shown in Tables 7 to 8. 



110 



EP 1 517 179 A1 



1 


3 


3 


1 5 


§ 


3 


2 


5 


1 






! 


1 


11 


I 


I 


! 


1 


| 




Component 
(C) (g) 




















If 


11 


11 


111 




If 


I! 


11 


!! 


I! 


it 


i 


i 


i i 


8 






J 




i 




I 
i 


1 


TOA(0.04) 
HEP (0.06) 


I 
1 


!! 


f 


I 


TBAH (0.03) 


TMEA (0.05) 


i 


i 
i 


I 
i 


III 


III 


° 

I 


11 


I 
1 


II 


II 


Ml 


• 




I 
1 


II 


1 


. 


II 


1 


I 


»Ii 


I 


I 


1-3 (0.4) 
1-4 (0.2) 


I 

•3. 


I 

2 


n 


° 


I 


1 




Example 29 


1 


11 


Example 33 


3 

I 
d5 


Example 35 ^ 


Example 36 


! 


1 



111 



EP 1 517 179 A1 



II 


§ 




§ 


1 


s 


2 






s 


3 




! 


! 


i 


I 


8 


! 


I 


! 


! 


! 


Component 
(C) (g) 






















Ij 


II 


11 


H 


II 


ii 


I! 


II 


H 


11 


11 


Surfactant 
(0.03 g) 


i 


s 


5 


i 


i 




% 


s 


i 




I* 


I 
i 


i 
i 




o 


I 


I 


! 


1 

1 




f 


1 


II 


II 


II 


II 


! 


is 


SE 

11 


II 




Ml 


II 


I 


ii 
is 


II 


ii 


II 
*S 




I 
1 


SI 

S« 


41 


I 

5 


i 
s 


s 

3 


3 

5 




I 


I 
5 


I 

2 


S 
§ 






Example 39 


Example 40 


Example 41 


Example 42 


Example 43 


! 


s 

1 


Example 46 


Example 47 


Example 48 



112 



EP 1 517 179 A1 







2 5? 






5 


iation 


Exposi 
latitude 


CO 


No ima 
* was forn 


10 


LU 


Density 
dependency 
(urn) 


0.25 


! No image 
was formed. ] 












15 




Compc 

(C)i 










"o" 






20 




Solve i 
(weight r 


A1/B' 
(60/4C 


A1/B' 
(60/4( 


25 




Surfactant 

(0.03 g) 


W-1 


5 


SO 


Formulation 


(6) 
punodu 


U0.05) 


DIA(0.05) 




8 


Q 


35 




isin (g) 


-1 (10) 


-1 (10) 






cr 


u. 


LL 


40 




Associative 

acid 
generating 
agent (g) 






45 




Acid 
generating 
agent (g) 


z2 (0.3) 


PAGA(0.3) 


50 






Comparative 
Example 5 


Comparative 
Example 6 



113 



EP 1 517 179 A1 



[0553] From the results shown in Tables 7 to 8, it is clear that in the F 2 excimer laser exposure, the photosensitive 
compositions of the invention are excellent such that they are little in the density dependency and wide in the exposure 
latitude. 

Examples 49 to 60 and Comparative Examples 7 and 8 
Preparation of resist> 

[0554] Components shown in the following Table 1 0 were dissolved in a solvent and filtered by a 0.1 urn polytetrafluor- 
oethylene filter to prepare positive working resist solutions each having a concentration of solids of 14 % by weight. 
[0555] The prepared positive working resist solutions were evaluated according to the following methods. The results 
are shown in Table 10. 

[0556] The following Table 9 shows a molar ratio and a weight average molecular weight of each of resins (R-2) to 
(R-24) in Table 10. 

Table 9 



Resin 


Molar ratio of repeating units (corresponding in order from the left) 


Weight average molecular weight 


R-2 


60/40 


12000 


R-7 


60/30/1 0 


18000 


R-B 


60/20/20 


12000 


R-9 


10/50/40 


13000 


R-17 


10/70/20 


15000 


R-22 


70/30 


12000 


R-23 


10/60/30 


8000 


R-24 


50/20/30 


16000 


PHS 


: Polyhydroxystyrene VP-8000 (manufactured by Nippon Soda Co. ; Ltd.) 



[0557] Structures of dissolution inhibiting compounds (C-1) and (C-2) in Table 9 are as follows. 




R:-CH 2 -C-0-f— 



(C-1) 
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0 

R:-CH 2 -C-0 
(C-2) 



<Evaluation of resist> 

[0558] Each of the prepared positive working resist solutions was uniformly coated on a hexamethyldisilazne-treated 
silicon substrate using a spin coater and dried by heating on a hot plate at 120 °C for 90 seconds to form a 0.6 u.m- 
thick resist film. 

[0559] This resist film was subjected to pattern exposure using a mask for line-and-space and using a KrF excimer 
laser stepper (NA = 0.63) ; and immediately after the exposure, dried on a hot plate at 1 1 0 °C for 90 seconds. Further, 
the resulting resist film was developed with a 2.38 % by weight tetramethylammonium hydroxide aqueous solution at 
23 "Cfor 60 seconds, rinsed with pure water for 30 seconds, and then dried to form a line pattern. The resulting resist 
film was evaluated with respect to the density dependency and exposure latitude. 

(Density dependency) 

[0560] In a line-and-space pattern with a line width of 0.13 u.m (dense pattern: line-and-space = 1/1) and an isolated 
line pattern (coarse pattern: line-and-space =1/5), an overlapping range of the depth of focus allowing (0.13 u.m + 10 
%) therebetween was determined. The larger the value, the smaller the performance difference between the dense 
pattern and the coarse pattern is, i.e., the density dependency is good. 

(Exposure latitude) 

[0561] The exposure amount of reproducing a mask pattern of line-and-space with a line width of 0.13 u,m was 
defined as an optimum exposure amount. When the exposure amount was changed, a width of the exposure amount 
allowing (0.13 u.m+ 10 %) of the pattern size was determined. This value was divided by the optimum exposure amount 
and expressed in terms of percentage. The larger the value, the smaller the performance change by the change of the 
exposure amount is, i.e., the exposure latitude is good. 
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[0562] From the results shown in Table 10, it is noted that the photosensitive compositions of the invention are 
excellent as a positive working resist composition in the KrF excimer laser exposure such that they are little in the 
density dependency and wide in the exposure latitude. 

5 Examples 61 to 72 and Comparative Examples 9 and 10 

Preparation of resist> 

[0563] Components shown in the following Table 1 1 were dissolved in a solvent and filtered by a 0. 1 u.m polytetraf luor- 
10 oethylene filter to prepare negative working resist solutions each having a concentration of solids of 1 4 % by weight. 
[0564] The prepared negative working resist solutions were evaluated in the same methods as in Examples 49 to 
60. The results are shown in Table 11 . 

[0565] Structures, molecular weights, and molecular weight distributions of alkali-soluble resins in Table 1 1 will be 
given below. 

15 



118 



Mw Mw/Mn 




45 VP-5000. manufactured by Nippon Soda Co., Ltd. 

[0566] Structures of crosslinking agents in Table 11 will be given below. 

50 
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[0567] From the results shown in Table 11 , it is noted that the photosensitive compositions of the invention are ex- 
cellent as a negative working resist composition in the KrF excimer laser exposure such that they are little in the density 
dependency and wide in the exposure latitude. 

Examples 73 to 84 and Comparative Examples 11 and 12 

Preparation of resist> 

[0568] Components shown in the following Table 1 2 were dissolved in a solvent and filtered by a 0.1 urn polytetrafluor- 
oethylene filter to prepare positive working resist solutions each having a concentration of solids of 12 % by weight. 
[0569] The prepared positive working resist solutions were evaluated according to the following methods. The results 
are shown in Table 12. 

Evaluation of resist> 

[0570] Each of the prepared positive working resist solutions was uniformly coated on a hexamethyldisilazane-treated 
silicon substrate using a spin coater and dried by heating on a hot plate at 120 °C for 60 seconds to form a 0.3 urn- 
thick resist film. 

[0571] This resist film was irradiated by an electron beam projection lithography device, manufactured by Nikon 
Corporation (accelerating voltage: 100 keV), and immediately after the exposure, heated on a hot plate at 110 °C for 
90 seconds. Further, the resulting resist film was developed with a 2.38 % by weight tetramethylammonium hydroxide 
aqueous solution at 23 °Cfor60 seconds, rinsed with pure water for 30 seconds, and then dried to form a contact hole 
pattern. 

(Density dependency) 

[0572] A pattern size of an isolated contact hole (pitch: 1 , 000 nm) in a dose for resolving a dense contact hole (pitch: 
300 nm) of 100 nm was measured, and a difference from 100 nm was calculated. The smaller the value, the smaller 
the performance difference between a dense pattern and an isolated pattern is, i.e., the density dependency is good. 

(Exposure latitude) 

[0573] A dose for resolving a dense contact hole (pitch: 300 nm) of 100 nm was defined as an optimum dose. When 
the dose was changed, a width of the dose allowing (100 nm + 10 %) of the pattern size was determined. This value 
was divided by the optimum dose and expressed in terms of percentage. The larger the value, the smaller the per- 
formance change by the change of the exposure amount is, i.e., the exposure latitude is good. 
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[0574] From the results shown in Table 12, it is noted that the photosensitive compositions of the invention are 
excellent as a positive working resist composition in the electron beam exposure such that they are little in the density 
dependency and wide in the exposure latitude. 

Examples 85 to 96 and Comparative Examples 13 and 14 

Preparation of resist> 

[0575] Components shown in thefollowing Table 13 were dissolved in a solvent andfiltered by a 0.1 -u.m polytetrafluor- 
oethylene filter to prepare negative working resist solutions each having a concentration of solids of 1 2 % by weight. 
[0576] The prepared negative working resist solutions were evaluated according to thefollowing methods. The results 
are shown in Table 13. 

Evaluation of resist> 

[0577] Each of the prepared negative working resist solutions was uniformly coated on a hexamethyldisilazane- 
treated silicon substrate using a spin coater and dried by heating on a hot plate at 120 °C for 60 seconds to form a 0.3 
(im-thick resist film. 

[0578] This resist film was irradiated by an electron beam projection lithography device, manufactured by Nikon 
Corporation (accelerating voltage: 100 keV), and immediately after the exposure, heated on a hot plate at 110 °C for 
90 seconds. Further the resulting resist film was developed with a 2.38 % by weight tetramethylammonium hydroxide 
aqueous solution at 23 °C for 60 seconds, rinsed with pure water for 30 seconds, and then dried to form a line-and- 
space pattern. 

(Density dependency) 

[0579] A pattern size of an isolated contact hole (pitch: 1,000 nm) in a dose for resolving a dense line-and-space 
(pitch: 200 nm) of 100 nm was measured, and a difference from 100 nm was calculated. The smaller the value, the 
smaller the performance difference between a dense pattern and an isolated pattern is, i.e., the density dependency 
is good. 

(Exposure latitude) 

[0580] A dose for resolving a dense line-and-space (pitch: 200 nm) of 100 nm was defined as an optimum dose. 
When the dose was changed, a width of the dose allowing (100 nm± 10 %) of the pattern size was determined. This 
value was divided by the optimum dose and expressed in terms of percentage. The larger the value, the smaller the 
performance change by the change of the exposure amount is, i.e., the exposure latitude is good. 
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[0581] From the results shown in Table 13, it is noted that the photosensitive compositions of the invention are 
excellent as a negative working resist composition in the electron beam exposure such that they are little in the density 
dependency and wide in the exposure latitude. 

5 Examples 97 to 1 1 8 and Comparative Examples 1 5 to 1 7 

Preparation of resist> 

[0582] Components shown in the following Tables 14 to 16 were dissolved in a solvent to prepare solutions each 
10 having a concentration of solids of 1 0 % by weight. Each solution was filtered by a 0. 1 urn polyethylene filter to prepare 

a positive working resin solution. The prepared positive resist solutions were evaluated according to the following 

methods. The results are shown in Tables 14 to 16. With respect to the respective components, in the case where the 

plural number of materials are used, the given ratios are a weight ratio. 

[0583] Symbols in Tables 14 to 16 are as follows. 
15 N'-1: N,N-Dibutylaniline 

N'-2: N,N-Dipropylaniline 

N'-3: N,N-Dihydroxyethylaniline 

N'-4: 2,4,5-Triphenylimidazole 

N'-5: 2,6-Diisopropylaniline 
20 N'-6: Hydroxyantipyrine 

W'-1: Megaface F176 (manufactured by Dainippon Ink and Chemicals, Incorporated) (fluorine based) 

W'-2: Megaface R08 (manufactured by Dainippon Ink and Chemicals, Incorporated) (fluorine and silicon based) 

W'-3: Polysiloxane polymer KP-341 (manufactured by Shin-Etsu Chemical Co., Ltd.) 

W'-4: Troysol S-366 (manufactured by Troy Chemical Industries, Inc.) 
25 SL'-1 : Cyclopentanone 

SL'-2: Cyclohexanone 

SU-3: 2-Methylcyclohexanone 

SL'-4: Propylene glycol monomethyl ether acetate 

SL'-5: Ethyl lactate 
30 SL'-6: Propylene glycol monomethyl ether 

SL'-7: 2-Heptanone 

SL'-8: y-Butyrolactone 

SL'-9: Propylene carbonate 

Sl'-1 : t-Butyl lithocholate 
35 SI'-2: t-Butyl adamantanecarboxylate 

Evaluation of resist> 

[0584] ARC29A, manufactured by Brewer Science Limited was uniformly coated in a thickness of 78 nm on a silicon 
40 wafer using a spin coater and dried by heating at 205 °C for 60 seconds to form an anti-refractive film. Thereafter, each 

of the positive working resist compositions immediately after the preparation was coated using a spin coater and dried 

(PB) at a temperature shown in Tables 14 to 16 for 90 seconds to form a 300 nm-thick resist film. 

[0585] This resist film was exposed with an ArF excimer laser stepper (PAS 5500/1100, manufactured by ASML, NA 

= 0.75 (2/3 zonal illumination) ) through a mask, and immediately after the exposure, heated (PEB) on a hot plate at 
45 a temperature shown in Tables 14 to 16 for 90 seconds. Further the resulting resist film was developed with a 2.38 % 

by weight tetramethylammonium hydroxide aqueous solution at 23 °C for 60 seconds, rinsed with pure water for 30 

seconds, and then dried to obtain a resist pattern. 

[Density dependency and exposure latitude] 

50 

[0586] The density dependency and exposure latitude were evaluated in the same manner as in Example 1 . 
[Pattern collapse] 

55 [0587] With respect to a trench repeat pattern (pitch: 240 nm) with a line width of 11 0 nm, development and pattern 
formation were carried out while changing the exposure amount, and the presence or absence of the generation of 
pattern collapse due to an increase of the exposure amount was observed by an scanning electron microscope (SEM). 
The line width becomes thin with an increase of the exposure amount, whereby pattern collapse is finally caused. 
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According to the present evaluation method, a line width (CDmin) immediately before the generation of pattern collapse 
due to a reduction of the line width was defined as an index of the pattern collapse. That is, it is meant that when the 
CDmin is small, the pattern does not collapse even if the line width becomes thin, i.e., the resist film is good such that 
the pattern collapse is hardly caused. 

5 

[Defocus latitude (DOF) at the time of formation of isolated line pattern] 

[0588] In an exposure amount of reproducing an isolated pattern of 210 nm into a line width of 130 nm, the focus 
position was changed, and a width (nm) of the change of the focus satisfying the range of a line width of [130 nm ± 13 
10 nm (+1 0 %)] was determined. 
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[0589] From the results shown in Tables 14 to 16, it is noted that the resist compositions of the invention are excellent 
with respect to the density dependency and exposure latitude. 

[0590] Also, from the results shown in Tables 14 to 16, it is noted that by using an alicyclic hydrocarbon based acid 
decomposable resin and a cyclic ketone, the resist compositions of the invention are excellent such that they hardly 
cause pattern collapse and have a large defocus latitude with respect to the isolated line pattern. 

Examples 1 1 9 to 1 35 and Comparative Examples 1 8 to 1 9 

Preparation of resist> 

[0591] Components shown in the following Tables 17 to 18 were dissolved in a solvent to prepare solutions each 
having a concentration of solids of 1 0 % by weight and filtered by a 0. 1 u,m polyethylene filter to prepare positive working 
resist solutions. The prepared positive working resist solutions were evaluated according to the following methods. 
The results are shown in Tables 17 to 18. With respect to the respective components, in the case where the plural 
number of materials are used, the given ratios are a weight ratio. 
[0592] Symbols in Tables 1 7 to 1 8 are as follows. 

[Photo acid generating agent] 

[0593] Corresponding to those enumerated previously. 

[Basic compound] 

[0594] N"-1: N,N-Dibutylaniline 
N"-2: N,N-Dipropylaniline 
N"-3: N,N-Dihydroxyethylaniline 
N"-4: 2,4,5-Triphenylimidazole 
N"-5: 2,6-Diisopropylaniline 
N"-6: Hydroxyantipyrine 

[Surfactant] 

[0595] W"-1 : Megaface F176 (manufactured by Dainippon Ink and Chemicals, Incorporated) (fluorine based) 
W"-2: Megaface R08 (manufactured by Dainippon Ink and Chemicals, Incorporated) (fluorine and silicon based) 
W"-3: Polysiloxane polymer KP-341 (manufactured by Shin-Etsu Chemical Co., Ltd.) (silicon based) 
W"-4: Troysol S-366 (manufactured by Troy Chemical Industries, Inc.) 

[Solvent] 

[0596] SL"-1 : Propylene glycol monomethyl ether acetate 

SL"-2: Propylene glycol monomethyl ether propionate 

SL"-3: Propylene glycol monomethyl ether 

SL"-4: 3-Methoxybutanol 

SL"-5: Ethyl lactate 

SL"-6: Cyclohexanone 

SL"-7: 2-Heptanone 

SL"-8: y-Butyrolactone 

SL"-9: Propylene carbonate 

[Dissolution inhibiting compound] 

[0597] Sl"-1 : t-Butyl lithocholate 
SI"-2: t-Butyl adamantanecarboxylate 

<Evaluation of resist> 

[0598] ARC29A, manufactured by Brewer Science Limited was uniformly coated in a thickness of 78 nm on a silicon 
wafer using a spin coater and dried by heating at 205 °C for 60 seconds to form an anti-refractive film. Thereafter, each 
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of the positive working resist compositions immediately after the preparation was coated using a spin coater and dried 
(PB) at a temperature shown in Tables 1 7 to 1 8 for 60 seconds to form a 270 nm-thick resist film. 
[0599] This resist film was exposed with an ArFexcimer laser stepper (PAS 5500/1 100, manufactured by ASML, NA 
= 0.75 (2/3 zonal illumination) ) through a mask, and immediately after the exposure, heated (PEB) on a hot plate at 
5 a temperature shown in Tables 1 7 to 1 8 for 60 seconds. Further, the resulting resist film was developed with a 2.38 % 
by weight tetramethylammonium hydroxide aqueous solution at 23 °C for 60 seconds, rinsed with pure water for 30 
seconds, and then dried to obtain a resist pattern. 

[Density dependency and exposure latitude] 

[0600] The density dependency and exposure latitude were evaluated in the same manner as in Example 1 . 

[Evaluation method of process window (dense pattern)] 

15 [0601] With respect to a line-and-space pattern (pitch: 220 nm) with a mask size of 100 nm, when the exposure 
amount of reproducing in a size of 1 00 nm was defined as an optimum exposure amount (E dense ), and the maximum 
exposure amount and the minimum exposure amount of reproducing a line width of the range of (100 nm ± 10 %) 
under the condition of defocusing with +0.3 u.m against the best focus were defined as E 1 and E 2 , respectively, the 
process window was defined as follows. 

20 

l(El-E 2 yEdenselXl°° (%) 

[Evaluation method of process window (isolated pattern)] 

25 

[0602] With respect to an isolated pattern with a mask size of 1 60 nm, when the exposure amount of reproducing in 
a size of 100 nm was defined as an optimum exposure amount (E iso ), and the maximum exposure amount and the 
minimum exposure amount of reproducing a line width of the range of (100nm± 10%)underthe condition of defocusing 
with ±0.3 u,m against the best focus were defined as E n and E 12 , respectively, the process window was defined as 
30 follows. 

I(E„ -E 12 )/E iso l x 100 (%) 

35 [Evaluation method of process window (common)] 

[0603] With respect to an exposure amount range capable of simultaneously forming a dense pattern and an isolated 
pattern under the condition of defocusing with ±0.3 \im against the best focus, the common process window was 
calculated according to the following expression. 

40 

KE 21 -E 22 )/E dense lx100 (%) 

[0604] Here, the exposure amount of smaller one between E 1 and E^ is defined as E 21 , and the exposure amount 
45 of larger one between E 2 and E 12 is defined as E 22 , respectively. 
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[0605] From the results shown in Tables 17 to 18, it is noted that the resist compositions of the invention are excellent 
with respect to the density dependency and exposure latitude. 

[0606] Also, from the results shown in Tables 17 to 18, it is noted that by using an alicyclic hydrocarbon based acid 
decomposable resin (Baa), the positive working resist compositions of the invention can ensure a wide process window 
in the formation of an isolated line and a dense pattern. 

[0607] According to the invention, it is possible to provide an excellent photosensitive composition and a pattern 
forming method using the same. 

[0608] According to the invention, it is possible to provide an excellent photosensitive composition having a wide 

exposure margin and little density dependency and a pattern forming method using the same. 

[0609] According to the invention, it is possible to provide a positive working resist composition that is low in the 

generation of pattern collapse in the formation of a fine pattern of not more than 110 nm andwideinthedefocus latitude 

(DOF) in the formation of an isolated line pattern and a pattern forming method using the same. 

[0610] According to the invention, it is possible to provide a positive working resist composition capable of ensuring 

a wide process window in the formation of isolated line and dense patterns and a pattern forming method using the 

same. 

[0611] The entire disclosure of each and every foreign patent application from which the benefit of foreign priority 
has been claimed in the present application is incorporated herein by reference, as if fully set forth. 



Claims 

1 . A photosensitive composition comprising (A) a compound that generates a sulfonic acid by irradiation with one of 
an actinic ray and a radiation, wherein the sulfonic acid is represented by general formula (I): 



Aff A 2 -S0 3 H ) n (I) 



in which A-, represents a connecting group having a valence of n; 

each of A 2 's represents a single bond or a divalent aliphatic group, and A 2 's are the same or different, with 
proviso that at least one of a group represented by A t and groups represented by A 2 's has a fluorine atom; and 
n represents an integer of from 2 to 4. 

2. A positive photosensitive composition which is a photosensitive composition according to claim 1 , further compris- 
ing (B) a resin that increases an solubility of the resin (B) in an alkaline developer by an action of an acid. 

3. The positive photosensitive composition of claim 2, 

wherein the resin (B) has a fluorine atom. 

4. The positive photosensitive composition of claim 3, 

wherein the resin (B) has a hexafluoroisopropanol structure. 

5. The positive photosensitive composition of claim 2, 

wherein the resin (B) has a hydroxystyrene structural unit. 

6. The positive photosensitive composition of claim 2, 

wherein the resin (B) is (Ba) a resin having a monocyclic or polycyclic alicyclic hydrocarbon structure. 

7. The positive photosensitive composition of claim 6, 

wherein the resin (B) further has a repeating unit having a lactone structure. 

8. The positive photosensitive composition of claim 6, which further comprises: 

(Ha) a solvent comprising at least one cyclic ketone. 

9. The positive photosensitive composition of claim 2, 
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wherein the resin (B) has at least one repeating unit selected from a repeating unit represented by general 
formula (1), a repeating unit represented by general formula (2), and a repeating unit represented by general 
formula (3), wherein the resin (Baa) increases a solubility of the resin (Baa) in an alkaline developer by an action 
of an acid: 



-(cH 2 -C-j- (1) 

A 

I 

6-ALG 

in which R represents a hydrogen atom or a methyl group; 
A represents a single bond or a connecting group; and 

ALG represents a group represented by any one of general formulae (pi) to (pV): 




(Pi) 



R-12 

-C-R 13 (P'l) 

I 

R14 



0 

I 

-CH-R 1£ 



(pill) 




(pIV) 
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R 22 ^23 O 
I I II 

-C— CH— C— R 24 (PV) 

R25 



in which represents a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl 
group, an isobutyl group, or a sec-butyl group; 

Z represents an atomic group necessary for forming an alicyclic hydrocarbon group together with a carbon 

atom; 

R 12 to R 1S each independently represents a linear or branched alkyl group having from 1 to 4 carbon atoms 
or an alicyclic hydrocarbon group, with proviso that at least one of R 12 to R 14 and any one of R 15 and R 16 represents 
an alicyclic hydrocarbon group; 

R 17 to R 21 each independently represents a hydrogen atom, a linear or branched alkyl group having from 1 
to 4 carbon atoms or an alicyclic hydrocarbon group, with proviso that at least one of R 17 to R 21 represents an 
alicyclic hydrocarbon group and any one of R 19 and R 21 represents a linear or branched alkyl group having from 
1 to 4 carbon atoms or an alicyclic hydrocarbon group; and 

R 22 to R 25 each independently represents a hydrogen atom, a linear or branched alkyl group having from 1 
to 4 carbon atoms or an alicyclic hydrocarbon group, with proviso that at least one of R 22 to R 25 represents an 
alicyclic hydrocarbon group and R 23 and R 24 may be taken together to form a ring, 



-fCH 2 -C-f- (2) 
COO-Wi-Lc 



in which R 1a represents a hydrogen atom or a methyl group; 

represents a single bond, or a single group or a combination of two or more groups selected from the 
group consisting of an alkylene group, an ether group, athioethergroup, acarbonyl group, and an ester group; and 
Lc represents a lactone residue represented by any one of general formulae (IV), (V-1) to (V-6) and (VI): 




in which R a1 , R b1 , R c1 , R d1 , and R e1 each independently represents a hydrogen atom or an alkyl group having 
from 1 to 4 carbon atoms; and 

m and n each independently represents an integer of from 0 to 3, and (m + n) is from 2 to 6, 
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<V-1) (V-2) (V-3) (V-4) 



^3b b 
(V-5) 



K 3b O 

(V-6) 



in which R 1b to R 5b each independently represents a hydrogen atom, an alkyl group, a cycloalkyl group, an 
alkenyl group, or COOR 6b; wherein R 6b represents an alkyl group, and two of R 1b to R 5b may be taken together 
to form a ring, and 



(VI) 



Z,: -o-c- or -c-o- 



R30 

-fc Hj -C-)- 

9=0 (3) 




in which R 30 represents a hydrogen atom or a methyl group; and 

R 31 to R 33 each independently represents a hydrogen atom, a hydroxyl group or an alkyl group, with proviso 
that at least one of R 31 to R 33 represents a hydroxyl group. 

10. The positive photosensitive composition of claim 9, 

wherein the resin (B) has a repeating unit represented by the general formula (1) and at least one repeating 
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unit selected from a repeating unit represented by the general formula (2) and a repeating unit represented by the 
general formula (3). 

11. The positive photosensitive composition of claim 9, 

wherein the resin (B) has a repeating unit represented by the general formula (1 ), a repeating unit represented 
by the general formula (2), and a repeating unit represented by the general formula (3). 

12. The positive photosensitive composition of claim 2, which further comprises (C) a dissolution inhibiting compound 
that decomposes by an action of an acid and increases a solubility of the compound (C) in an alkaline developer, 
the compound (C) having a molecular weight of not more than 3,000. 

13. A positive photosensitive composition which is a photosensitive composition according to claim 1 , further compris- 
ing: 

(D) a resin soluble in an alkaline developer; and 

(C) a dissolution inhibiting compound that decomposes by an action of an acid and increases a solubility of 
the compound (C) in an alkaline developer, the compound (C) having a molecular weight of not more than 
3,000. 

14. A negative photosensitive composition which is a photosensitive composition according to claim 1 , further com- 
prising: 

(D) a resin soluble in an alkaline developer; and 

(E) an acid crosslinking agent that cross-links with the resin (D) by an action of an acid. 

15. The photosensitive composition of claim 1 . 

wherein in the general formula (I), A 2 represents an aliphatic group having a structure represented by general 
formula (II): 



(II) 



in which Rf., and Rf 2 each independently represents a hydrogen atom, a halogen atom, an alkyl group or a 
cycloalkyl group, with proviso that at least one of Rf 1 and Rf 2 represents a fluorine atom or a fluoroalkyl group. 

16. The photosensitive composition of claim 1 , 

wherein the compound (A) is one kind selected from a sulfonium salt compound of the sulfonic acid repre- 
sented by the general formula (I), an iodonium salt compound of the sulfonic acid represented by the general 
formula (I), and an ester compound of the sulfonic acid represented by the general formula (I). 

17. The photosensitive composition of claim 1 , 

wherein each of -S0 3 H's in the sulfonic acid represented by the general formula (I) directly connects a carbon 
atom to which at least one of a fluorine atom and a fluoroalkyl group is directly connected. 

18. The photosensitive composition of claim 1 , 

which further comprises (A') a compound having one sulfonic acid group, the compound (A') generating a 
sulfonic acid by irradiation with one of an actinic ray and a radiation. 

19. The photosensitive composition of claim 18, 

wherein the compound (A 1 ) is a monovalent perfluoroalkanesulfonic acid sulfonium salt. 
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20. The photosensitive composition of claim 1 : 

which further comprises a mixed solvent of asolvent containing a hydroxyl group in its structure and a solvent 
not containing a hydroxyl group in its structure. 

21 . The photosensitive composition of claim 1 , which further comprises at least one of (F) a basic compound and (G) 
at least one of a surfactant containing a fluorine atom, a surfactant containing a silicon atom and a surfactant 
containing a fluorine atom and a silicon atom. 

22. The photosensitive composition of claim 21 , 

wherein the basic compound (F) is at least one of (i) a compound having a structure selected from an imi- 
dazole structure, a diazabicyclo structure, an onium hydroxide structure, an onium carboxylate structure, a tri- 
alkylamine structure, an aniline structure, and a pyridine structure, (ii) an alkylamine derivative having at least one 
of a hydroxyl group and an ether bond and (iii) an aniline derivative having at least one of a hydroxyl group and 
an ether bond. 

23. A pattern forming method comprising: 

forming a film by using a photosensitive composition of claim 1 ; 
exposing the film, so as to form a exposed film; and 
developing the exposed film. 
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